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Overview 



Nearly every day in the news there are stories dealing with the economic implications of energy 
and environmental issues. How can students make sense of these complicated issues? What do 
they need to know in order to make wise decisions as consumers, producers, and voting citizens? 

Purpose of the Energy, Economics, and Environment Curriculum 

One purpose of this curriculum is to provide a conceptual framework for analyzing energy and 
environmental issues, especially in regards to economics. Teachers will notice that Part 1 of the 
Introduction to this booklet explains the basic economic concepts that provide the conceptual 
framework. Part 2 of the Introduction explains how to use two decision-making models to 
analyze energy and environmental issues. 

A second purpose of this curriculum is to provide teachers with 
a set of four motivating interdisciplinary teaching units. Unit 1 
focuses on basic economic concepts that will help students 
analyze energy and environmental issues. The popular video 
series Econ and Me can be used to help teach these economic 
concepts. The Unit 1 teaching activities are adapted from the 
Play Dough Economics curriculum published by the Indiana 
Department of Education. 

Units 2-4 focus on a particular energy and/or environmental 
theme. Teachers are provided with factual information about 
the unit theme and with a set of interdisciplinary teaching 
activities. The final teaching activity in each unit is a simple case 
study, in which students use a decision-making model to 
analyze an energy or environmental problem. 

The classroom teaching activities require students to apply skills 
across several areas of the curriculum, and also encourage students to make extensive use of 
resources in their communities. Each unit contains special sections titled, "Let's Talk It Over," 
"Further Explorations," and "EEE Actions — You Can Make A Difference!" 

A Starting Point for Analysis 

The issues covered in teaching Units 2-4 deal with forest, water, and energy resources. These are 
very complex topics, with new information constantly becoming available. Teachers should 
therefore view this curriculum as a starting point for further study. As you read articles or gather 
new information about these topics, insert them in the curriculum. This will keep your Energy, 
Economics, and the Environment curriculum up-to-date. 




Rationale 



One of the great challenges facing educators is to teach students how to be responsible stewards 
of the natural resources entrusted to them. This is especially true today, as our growing 
worldwide population inevitably exerts greater strains on our environment and on our fiscal and 
natural resources. As individuals and as societies, we must be prepared to deal with the problems 
that will challenge us in the decades ahead. The purpose of the Energy, Economics, and the 
Environment (EEE) curriculum is to provide students with the necessary knowledge and skills to 
help solve these problems. 

The curriculum focuses on three important subjects: energy, economics, and the environment. 
One of the key assumptions of this booklet is the interrdatedness of these three areas of study. It 
is virtually impossible to study one of these subjects without encountering the others. Indeed, the 
failure to consider the interdependence of environmental, energy, and economics issues will result 
in flawed policy decisions that will diminish the potential for maintaining a strong economic 
system, a healthy environment, and a sustainable energy resource base. 

In order to deal with these complex issues, 
students must be trained in three important 
areas. First, they must be taught basic 
knowledge and concepts about energy, the 
environment, and economics, as well as the 
fundamental interrelationships of all three. 
Second, they must learn effective decision- 
making skills. Third, they must be involved in 
meaningful, motivating learning activities. As a 
result of participating in the EEE program, 
students will understand the trade-offs that are 
involved in ensuring a quality environment, the 
wise use of energy resources, and a sound 
economy. Our students will be better equipped 
to meet the environmental and energy challenges of the future. 
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EEE 


Curriculum Organization 

Introduction 


Parti: 


A Framework for Analysis 

* Fundamental Ideas and Relationships 

* Three Important Economic Considerations 


Part 2: 


Decision-Making Models: Tools for Analysis 
Teaching Units 


Unit 1 focuses on basic economic concepts. It uses two popular 
curriculum materials: 




* EconandMe 

* Play Dough Economics 


Units 2-4: Contain these elements: 


1. 


Basic Information 

* Overview of the Unit 

* Basic Facts About the Issue 


2. 


Classroom Teaching Activities 

* Teaching Instruction/Key Concepts to Emphasize 

* Specific Teaching Activities 

* Further Explorations 

* Let's Talk It Over 

* EEE Actions — You Can Make a Difference! 

* Case Study 

* Answers to Selected Teaching Activities 
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Introduction 



Part 1: A Framework for Analysis 

This section provides a general economic framework for analyzing environmental and energy 
issues. Without such a framework, any analysis of these critical issues will be very deficient. 
Policy makers must understand the basic economic concepts that relate to these issues in order; to 
make wise environmental and energy policy decisions. 

Fundamental Ideas and Relationships 

The Necessity of Production 

In every society people require goods and services that will enable them to survive and prosper. A 
fundamental principle of economics is that these goods and services must be produced. Without 
production of some sort, survival would be virtually impossible. 

Fortunately, every society is endowed with resources which can be used to produce goods and 
services. These resources, called productive resources (factors of production), can be classified 
into three groups: natural resources (land), labor (human) resources, and capital resources. 
Natural Resources, both renewable and nonrenewable, come from nature. Examples include 
coal, water, trees, air, and the land itself. Labor resources (human resources) refer to the 
mental and physical work effort expended in production and to the entrepreneurial skills needed 
to guide production. Capital resources are physical goods used to produce other goods and 
services such as buildings, tools, equipment, and machinery. Figure 1 illustrates how the 
productive resources are combined to produce goods and services. 



Figure 1 

Using Productive Resources to Produce Goods and Services 

Production Consumption 




Natural Labor Capital 

Rmoutms 
(Land) 

The good i and services are considered "scarce" became there 
are not enough productive resources to satisfy all of society's wants. 




The problem for individuals and society is that the desire for goods and services is unlimited, 
whereas productive resources are limited. This tension between unlimited wants and the limited 
productive resources available for satisfying these wants is what economists refer to as scarcity. 
Every society, rich or poor, confronts the basic economic problem of scarcity. 

Production and Energy 

So where does energy fit into our discussion? First, energy is something that consumers desire. 
All of us consume energy in some way or another — to heat our homes, cook our food, or power 
our cars. 

Second, energy is necessary for production. Without some form of energy, the production of 
goods and services *vould virtually cease. Thus, energy is a crucial component of both the 
production and consumption side of the diagram. 



Figure 2 

Energy Is Required for 
Production and Consumption 



Production Consumption 




Third, energy, like all productive resources, is scarce. It is not a free good, available in unlimited 
quantities at a zero price. Quite the contrary, energy sources are very costly to develop and 
produce. Because energy is scarce, its value is reflected in our market system by prices. The price 
of an energy resource gives an indication of how scarce the resource is relative to other 
resources. 
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Sometimes an energy shortage may occur, as in the 1970s 
when there were long gas lines. A shortage is caused when 
a government fixes the price of a good or service below its 
natural, market level. Teachers should recognize that even 
when there is no energy shortage, energy is still a scarce 
resource. One must still pay to obtain it. 

Production and the Environment 

Now we can examine how the environment affects our 
simple model of production and energy use. All production 
and consumption must take place within the context of the 
environment As such, the environment affects and is affected by production and consumption. 
This is evident when examining three basic services provided by the environment. 

Services Provided by the Environment 

First, the environment provides us with the natural resources, including energy resources, needed 
to produce goods and services. As we learned above, natural resources are one of the basic 
productive resources. 

Second, the environment is a natural "waste sink" for the inevitable by-products/wastes of both 
production and consumption. In earlier times organic wastes were more common, and were more 
easily degraded by the environment. However, in modern times many wastes are not easily 
degraded and are present in larger quantities, resulting in more serious pollution problems for 
society. 

Third, the environment provides us with many natural amenities, such as beautiful wilderness 
areas, scenic forests, and bodies of water for swimming, boating, and fishing. 

Figure 3 expands our production diagram, illustrating the services provided by the environment. 
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Figure 3 

Services Provided by the Environment 
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Summary 



Ths four statements below summarize what we have discussed so far. They provide a starting 
point for analysis. 
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Three Important Economic Considerations 

There are three very important economic concepts to consider when analyzing environmental and 
energy issues: opportunity cost/trade-offs, spillover costs (negative externalities), and 
marginalism. They are discussed below. 

1. Opportunity Cost and Trade-Offs 

The basic economic problem of scarcity forces individuals and societies to choose how to use 
their limited productive resources. For example, money spent purchasing a bicycle cannot be 
spent on a new television. Tax monies spent on environmental protection and pollution control 
cannot be spent on national defense. Choices must be made. 

Any time a choice is made among alternatives, there are specific alternatives that are not chosen. 
The value of the best alternative not chosen is called the opportunity cost. Because productive 
resources are scarce, there is an opportunity cost to every economic decision. 

When a person or society decides to produce or consume one good instead of another, they are 
making a trade-off — they are trading off less of one thing for more of something else. For 
example, when a society decides to spend $5 million less on cancer research and instead uses the 
money to purchase land for a national park, the society is trading off better cancer treatment for 
its citizens for more environmental protection and recreation. 
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The value of what is received when making a trade-off is an estimate of the benefit of the 
decision. The value of what is given up in making a trade-off is a measure of opportunity cost. 
The opportunity cost is sometimes measured in dollars, as noted above, where the opportunity 
cost of using $5 million to help purchase land for a national park is the loss of $5 million worth of 
cancer research (Figure 4). 

One major difficulty in analyzing environmental issues is that it is sometimes difficult to measure 
the monetary value of opportunity costs. What is the money value of clean air, or a clean river? 
Not surprisingly, individuals differ greatly in this valuation. One person may easily endure 
moderate amounts of air pollution in a certain area, whereas another person may consider even 
the smallest amounts of pollution to be intolerable. Despite the difficulty, many effective 
techniques have been developed by economists to measure opportunity costs. Such information is 
vitally important to policy makers when analyzing energy and environmental issues. 



Figure 4 

Trade Offs and Opportunity Cost 




$5 Million Dollars 



Society is trading off cancer research for improved environmental protection and recreation. 
The opportunity cost of choosing a national park is $5 million dollars worth of cancer research. 
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2. Spillover Costs 



We have learned that the production and consumption of goods and services, including energy, 
will cause some waste to flow into the environment. This is unavoidable, because societies must 
have goods and services in order to survive and prosper. 

However, a major problem arises when the negative effects (costs) of waste flows are imposed on 
individuals ngt involved in the buying and selling decisions that cause the flows. That is, there are 
serious problems when the costs of waste flows are imposed on "innocent bystanders" who are 
external to the production and consumption decisions that result in the waste flows. Economists 
refer to these imposed costs as negative externalities or spillover costs (Figure 5). In modern 
times the problem of spillover costs is compounded by the increasing volume of waste, as well as 
by the changing nature of waste (less biodegradable, more toxic, etc.). 



Figure 5 

Pollution Hurts Innocent Bystanders 
Producer Consumers 



Goods* 




Innoctnt Bystindert 



The prcx J w and consumers both benefit from the production and consumption of goods and services. However, 
innocei^ * ystanders sometimes receive the negative effects of the pollution created in production. This especially 
occurs when natural resources used in production, such as air and water, are commonly owned. 



Air and water pollution is a example of a spillover cost, or negative externality. When a paper mill 
produces products, it ejects waste materials into the air and water. Individuals who breathe the air 
near the paper mill or who use the contaminated water bear tue brunt of these external costs, even 
though these individuals may not benefit from the production or consumption of the paper 
products made in the mill. The fundamental problem is that no one owns the air or water, and 
there is therefore no cost for using these natural resources. Because the use of the air and water 
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is free, the mill actually has shifted some of the cost of paper production onto other individuals. 
The result is that too many paper products are produced, and their price is less than it would be if 
all the costs were taken into account. 

Dealing with Spillovers 

What do societies do to correct the effects of negative spillover costs on the environment and on 
individuals? Some common courses of action are discussed below. 



Rules and Regulations 

The most typical way used to reduce spillover 
costs is through rules and regulations. A 
government may impose regulations which 
define strict limits on waste discharge or may set 
certain standards for air pollution or waste 
disposal. Examples include the mandated 
emission standards for automobiles or the 
required use of "coal scrubbers" in plants where 
coal is the source of energy. A government may 
even ban a certain type of production all 
together, as in the case of oil drilling in certain 




wilderness areas. 

Rules and regulations are popular since they 

seem to provide a simple and direct solution to spillover problems. The difficulty is that 
regulations can be very costly to implement and enforce. Regulations also limit individual 
freedom. 

Taxing Production 

Another method used by government is to tax the production activity that produced the spillover. 
Taxing a product increases its price, thereby reducing the quantity of the product that is produced 
and consumed. This results in fewer spillover costs, and also raises tax monies that can be used 
for improving the environment. An example of this method is the excise tax on gasoline, tires, and 
coal production. 

Subsidies 

A third method used by government is subsidies. A subsidy is the opposite of a tax. A government 
gives money (directly or in the form of tax breaks) to firms to encourage them to reduce 
spillovers. For example, monies given to a firm may be used to install modern equipment, to help 
clean a river, or to revitalize land marred by surface mining. Subsidies may be unpopular since 
taxpayers may not wish to use public monies to pay for spillovers caused by private firms, even 
though taxpayers will benefit generally from less pollution in their community. 



18 

11 



Creating Proper Incentives 



In recent years new methods for reducing the harmful effects of negative externalities have been 
proposed. These methods provide more efficient solutions to spillover problems because they 
emphasize creating proper incentives for individual action. The goal is to make it more profitable 
(cost effective) to act in a socially responsible manner. 

Effluent and Emission Taxes 

One way to create proper incentives is by imposing effluent and emission taxes. This approach 
imposes a fee on each unit of pollution discharged into the environment. This tax provides an 
incentive for firms to devise creative ways to reduce emissions and also provides tax monies for 
pollution management. Firms could still choose not to reduce emissions, but they would have to 
bear the cost of the decision. Effluent and emission taxes can be a wise course of action because 
tax is on the pollution discharge , not the production activity itself. This provides more of an 
incentive for economic growth and development. 

Better Defined Property Rights 

Most economists believe that assigning and enforcing property rights more effectively will create 
incentives for more responsible social behavior. The logic goes like this: If property is commonly 
owned, like the air or waterways, it will be overused. In contrast, if property is privately owned, 
the owner has a strong incentive to maintain or improve the value of the property. For example, a 
timber company has a financial incentive to harvest forest areas wisely since they are a valuable 
source of future income. A commonly owned forest is much more likely to be exploited since no 
individual owner bears the costs. 

Established Markets for Pollution Rights 

Another way to create incentives for responsible care of the environment, while not discouraging 
legitimate growth objectives, is to establish markets for pollution rights. For example, a firm that 
reduces its pollution below the governmental standards could earn "emission reduction credits," 
which then could be sold to new firms. Under an "offset policy," the new firms would have to buy 
1 .2 emission credits for each 1 .0 units of emissions added by a new plant. Since reductions will be 
20 percent greater than additions, the overall air quality would be improved every time a new 
plant entered the area! 

In studying ways to create proper incentives to improve environmental quality, the main point to 
emphasize is that in many instances there are creative, practical ways to improve environmental 
quality instead of imposing rigid regulations that are very expensive to enforce and that stifle 
economic growth. It is encouraging to know that strict environmentalists and those in favor of 
more growth-oriented policies are beginning to recognize that economic development and 
environmental protection need not inevitably be seen as conflicting goals. 
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3. Marginalism 



We have learned that negative externalities are an unavoidable by-product of the production and 
consumption of goods and services. We also examined various ways to minimize the harmful 
effects of these externalities on the environment. A key question remains unanswered, however. 
How clean should the environment be? It is one thing to agree that action needs to be taken to 
address a particular environmental problem; it is another to agree to what extent the action needs 
to be implemented. 

A Problem in Centerville 



Suppose that industries in Centerville have so polluted the local river that it is now useless for 
drinking, swimming, or fishing, and is possibly a serious health hazard. While most people would 
agree that some cleanup is necessary, they will not agree on exactly how much cleanup. 
Fortiinately, the concept of marginalism helps students analyze these difficult kinds of problems. 

In economics, marginal simply means "next" or "extra." This rather simple concept can help us 
solve the river problem. Suppose all citizens in Centerville agree that some cleanup is necessary. 
They hire an environmental firm to analyze the situation and report back to the city council. Table 
1 summarizes the firm's findings. 

Table 1 

Cleaning Up the River 



Degree of 
Cleanup 


Marginal Cost 


Total Cost 


Marginal 
Benefit 


Total Benefit 


20% 


$ 10,000 


$ 10,000 


$100,000 


$100,000 


40% 


S 15,000 


S 25,000 


$ 70,000 


$170,000 


60% 


$ 25,000 


$ 50,000 


$ 50,000 


$220,000 


80% 


$ 50,000 


$100,000 


$ 20,000 


$240,000 


100 % 


$100,000 


3200,000 


$ 5,000 


$245,000 



Common sense tells us that we first should choose the least costly cleanup method, whatever that 
may be. The firm's data show that 20 percent of the pollution problem can be solved at a marginal 
cost of only $10,000. The resulting marginal benefit is a significant $100,000. 

The data also show that additional methods could be used to reduce pollution by another 20 
percent giving a total degree of cleanup of 40 percent. However, the cost for this extra (marginal) 
20 percent cleanup has increased to $15,000 resulting in a total cost of $25,000. At the same 
time, the marginal benefit of this extra cleanup has decreased to $70,000, giving us a total benefit 
of$170,000. 

O 1 3 2() 
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Notice that as the marginal cost for additional cleanup increases, the marginal benefit decreases. 
This makes intuitive sense. Getting the river from 80 percent to a 100 percent pollution-free, 
pristine condition would be very costly — $100,000, possibly from shutting down some factories 
altogether and banning any use of power boats. However, the benefit of doing so ($5,000) would 
not be all that much greater than achieving an 80 percent degree of cleanliness. 

So how clean should the river be? Economists would say that the citizens of Centerville should 
continue cleaning up the river as long as the marginal benefits exceed the marginal costs, in this 
case up to a 60 percent degree of cleanliness. After that point, the costs of cleanup are more than 
the benefits (See Figure 6.). The scarce productive resources used for cleanup would be better 
used for some other purpose. 

Students tend to look at the total amounts in their analysis They often recommend a 100 percent 
degree of cleanup since the total benefit ($245,000) is greater than the total cost ($200,000). 
However, that would not be the wise choice, as we have demonstrated. 

Automobile Pollution 

Another common example that illustrates the concept of marginalism is the case of automobile 
pollution. One sure way of solving this problem would be banning the use of automobiles 
altogether. Obviously, the cost to society of doing so would be too great. Instead, our 
government has mandated the use of pollution control equipment, such as catalytic converters. 
The logic is that the marginal cost of doing so is less than the marginal benefit to the environment. 

To summarize, there are trade-offs and opportunity costs associated with all energy and 
environmental policy decisions. Thus, it is not wise to implement policies mandating the 
elimination of all negative externalities. Some pollution is inevitable. The key question is how 
much, and that is where marginal analysis is useful. 
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Figure 6 

CLEANING UP THE RIVER 



Marginal Cost/benefit - Vs 
$100,000 ^ 



$80,000 



$60,000 



$40,000 



$20,000 



$0 



0% 



Marginal Cost 




Marginal Benefit 



20% 



40% 60% 
Degree of Cleanup 



80% 



100% 



The graph in Figure 6 illustrates the data in Table 1. Notice that the marginal cost increases and the marginal benefit 
decreases the more the river is cleaned up. After point A, the marginal cost of cleanup exceeds the marginal benefit, 
Productive resources used to clean the river past point A would best be used elsewhere. 

/ 
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Summary 



So how do we solve the complex environmental problems that face us? Below are three points 
that have emerged from our discussion. 




steps should be taken to mluce the lip^Ii^^ 
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llllllllii^^^^i^ mean reusing and recycling to extend the life ofrei^K||p ::i | 1 
developing safe and effective ways to dispose of waste 

&mmm Develop wise strategies for dealing with f pfllover costs These strategies must 

illlllllllllli 

i^M^^^^MM environment also bear the costs. These strategies must protect the;' 11 
environment, yet not stifle legitimate economic growth and development 

3 Use marginal analysis when deciding how clean the environment should be, 
policy* 
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All three courses of i 3tion above depend on citizens who are sensitive to environmental issues and 
who are willing to act in an environmentally responsible manner. In our schools, homes, and 
churches we must create and foster this important sensitivity. 
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Part 2i Decision-Making Models: Tools for Analysis 

It is very helpful to teach students a systematic way to analyze and solve problems. This gives 
students a powerful tool to use in their analysis, and helps them to organize their thoughts about 
issues, instead of merely voicing subjective personal opinions. Using a systematic approach to 
problem-solving also clarifies the trade-offs involved in any solution, and reveals the sources of 
disagreement about various policy alternatives. 

Two Simple Decision-Making Models 

There are many problem-solving and decision-making models. The two models used in the EEE 
curriculum are the Decision Tree Model and the Five-Step Model. They are both used in '<:he 
curriculum materials developed by the National Council on Economic Education. Some teachers 
may want to use more complex models; however, these two are easy to learn and are powerful 
enough to help solve problems appropriate for elementary students. Another advantage is that 
video materials that teach and use the models, Econ and Me and Trade-Off s, are readily available 
from the Indian Council for Economic Education (317-494-8545). The videos also can be 
purchased at a very reasonable cost through Purdue University (Self-Directed Learning Programs, 
317-494-2745). 

The Decision Tree Model and the Five-Step Model are similar. The main difference is that in the 
Decision Tree Model (p. 19) students list only the two "best" alternatives. In the Five-Step model 
students use a Decison Worksheet (p. 20) and a Decision-Making Grid (p. 21) to list multiple 
alternatives. Students also must list the specific criteria, and then evaluate them against the 
alternatives using a plus/minus marking system. The Decision Tree Model only requires students 
to list the "good and bad points" about each alternative. 

The Decision Tree Model is explained in the lesson on "Opportunity Cost" from the Econ and Me 
video series. The Five-Step Model is explained in Lesson 2, "Malcolm Decides," and Lesson 3, 
"We Decide," of the Trade-Offs video series. 




Decision Tree 




Decision Worksheet 



Directions: 

1 . Complete this Decision Worksheet and the Decision-Making Grid to help you analyze the 
problem. 

2. In each cell of the decision grid, your teacher may require you to make a brief comment 
explaining why you made a particular evaluation mark. 

STEP 1 : Define the Problem. 



STEP 2: List Alternative Solutions. 



STEP 3 : List Important Criteria 



STEP 4: Evaluate Altrnative Solutions: 

(To do this, fill in the individual cells in the Decision-Making Grid.) 
STEP 5: Choose the Best Alternative. 



9 

ERJC 



27 

20 



... 



i 1 1 ii MH iii V ii iiiu; 



iHiife 



:;:v. : : V::!>:^:i:? 

.... .• • . ; : '. • 



: .... • 



Criteria 





Alternatives 



9 

ERIC 



£8 



Applying the Models — A Simple Case Study 



The following case study illustrates how to use the two decision models to solve a problem. This 
case study is based on the actual legislation found in the 1990 Clean Air Act, which made 
employer trip reduction programs compulsory in nine metropolitan regions where ozone pollution 
problems are greatest. These two alternatives are some of those actually recommended by the 
Environmental Protection Agency (EPA). 



The Case of the Company Carpool 

Mr. Samuel Peabody is the president of Best Windows Manufacturing Company, located 
near Chicago, Illinois. The company employs 105 workers and made a profit last year, but 
just barely. Many other window companies are producing high quality windows and are 
providing a lot of tough competition. 

Mr. Peabody has a difficult decision. To help reduce air pollution in large cities, the federal 
government wants more passengers to ride in each vehicle. Mr. Peabody's company must 
prepare a plan to get more the employees to ride together or use public transportation. 
Since public transportation is limited, he decides that the two best choices for the company 
are: 1) requiring the workers to pay a $10 per week parking fee or 2) giving a carpooling 
"bonus" of $5 per week to workers who carpool. 

Most of the workers, of course, like the idea of getting a 
$5 bonus for carpooling. Some workers, however, can't 
carpool because they don't live near any other workers. 
They don't think it is fair that other workers should get 
the bonus. Also, Mr. Peabody isn't sure the company 
can afford the bonus. "If I give the carpooling bonus, I 
won't be able to give my employees a pay raise next 
year," he explains. None of the workers like the idea of 
the parking fee, but Mr. Peabody explains that this is 
probably the best way to get workers to carpool. It also 
would help the company to make more profits. This 
probably will mean more pay raises for workers, and it 

will mean that workers have a better chance of keeping their jobs. "If the company's 
production costs continue to go up," said Mr. Peabody, "some workers will be laid off' 

The company must tell the government its plan by next week. What do you think the 
company should do? 
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Applying the Steps — The Decision Tree Model 



Step 1: Define the Problem. The immediate problem is the necessity of planning and 

implementing a transportation plan that increases the number of workers per vehicle. 
The fundamental problem is scarcity. There are not enough scarce productive resources 
to provide enough clean air, income, profits, etc. 

Step 2: List Alternative Solutions. The two alternatives identified in the case study are: 1) 
Implement a parking fee and 2) Give carpool bonuses. 

Step 3: List Important Criteria. Good points about the parking fee are: helps environment by 
increasing carpooling, helps keep company profitable so workers can keep jobs and 
maybe get pay raises. Bad points are: workers don't like it, unfair to workers who 
cannot carpool. 

The good points about the carpool bonus are: helps environment by increasing 
carpooling, most workers like the idea, rewards workers who carpool. Bad points are: 
unfair to some workers who can't carpool, reduction in company profits resulting in no 
wage increases and possible layoffs. 

Step 4: Evaluate Alternative Solutions. The final decision depends on how students evaluate 
the good and bad points of each alternative. In this case study, the best alternative for 
Mr. Peabody is probably the parking fee. For most (but not all) of the workers, the 
carpooling bonus is the preferred alternative. One thing is sure, not everybody will be 
happy with the final decision. 
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Applying the Steps — The Five-Step Model 



1. Define the Problem. The immediate problem is the necessity of planning and 
implementing a transportation plan that increases the number or workers per vehicle. The 
underlying problem is that of scarcity. There are not enough scarce productive resources 
to provide enough clean air, income, profits, etc. 

2. List the Alternatives. The two alternatives identified in the case study are: 1) implement 
a parking fee and 2) give carpooling bonuses. 

3. List Important Criteria. Some important criteria are: effect on environment, effect on 
wages and employment, effect on company profits, workers 7 acceptance of the plan, and 
fairness. Students may want to use other criteria. 

4. Evaluate the Alternative Solutions. This is the most challenging part of the problem. 
Students put a plus in each cell of the Decision-Making Grid if the criteria "fits" the 
alternative. A minus is placed in a cell if the alternative does not "fit." Students put a ? if 
the "fit" is neutral or indeterminate. Below is how a decision grid could be completed in 
this case study. Be prepared for students to disagree on the cell markings. 

Choose the Best Alternative (Make a Decision!). The final decision will depend on how 
well the criteria "fit" the alternatives. The final decison will also depend on how students 
weigh (value) the criteria. Students can weight the criteria by circling the one or two 
criteria they think are most important. In this case study, the best alternative for Mr. 
Peabody is probably the parking fee. For most of the workers, the carpooling bonus is the 
preferred alterative. One thing is sure, not everybody will be happy with the final decision! 
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Overview of Unit 1 

Basic Economic Concepts 
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Introduction: 

One of the main purposes of this Energy, Economics, and the Environment (FEE) curriculum is 
to help students understand the economic implications of basic public policy issues concerning 
forests, water, and energy. Unit 1 teaches the basic economic concepts that students should know 
to be able to do Units 2-4 effectively. The key concepts are goods and services, productive 
resources, scarcity, opportunity cost, trade-offs, and price. 

In each activity in this unit, students use play dough to help them learn the economic concepts. 
These motivating activities are adaptations of lessons found in the popular Play Dough 
Economics Curriculum published by the Indiana Department of Education. 

An optional curriculum that can be used with this unit is the five-part EconandMe video series, 
produced by the Agency for Instructional Technology and the National Council on Economic 
Education. Using these motivating videos to teach the economic concepts presented in this unit is 
not required, but will help those teachers who are not confident about their knowledge of basic 
economics. Econ and Me also teaches students how to use the Decision Tree model, which is 
used throughout this curriculum. EconandMe can be borrowed from the Indiana Council for 
Economic Education (317-494-8540) and its affiliated university centers throughout Indiana, or 
can be purchased through Purdue University, Self-Directed Learning Programs, (317-494-2745). 

Learning Objectives: 

After completing Unit L students will be able to. 

1. Understand and apply the economic concepts of goods and services, productive i esources, 

scarcity, opportunity cost, trade-offs, and price. 

2. Analyze a problem using a decision-making model. 

Unit Outline: 

I. Teaching Activities 

A. Goods and Services 

B. Resources and Production 

C. Scarcity 

D. Opportunity Cost and Trade-Offs: Focus on Consumers 

E. Opportunity Cost and Trade-Offs: Focus on Producers 

II. Answers to Selected Teaching Activities 

III. Play Dough Recipe (p. 55) 
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Activity 1 

Goods and Services 



Teaching Objectives: After completing this activity, students will be able to: 



1. 
2. 



Explain that goods and services are things that people want. 
Identify the difference between a good and a service. 



Time Allowed: 



• 



30-40 minutes 



Materials: 



• 



Enough play dough for each student to produce a small sculpture 
Examples of goods 

Pictures showing people performing services 



Vocabulary/Concepts: 

• Goods: tangible items that result from production, such as shirts, automobiles, wooden 
boards, gasoline, or paper. 

• Services: nonphysical results of production, which must be consumed as soon as they are 
produced. Examples include the services of a dentist, trash collector, or utility company. 

The terms goods and services encompass the final products (output), as well as the productive 
resources (inputs) that consumers purchase. For example, the service a mechanic provides in a 
local car repair shop is a final product. The labor service of a mechanic who works for a large 
electric utility company is a labor input in the production of electrical power. 

Goods are, by definition, things that people want, and people typically must pay to get them. 
Items that people do not want are garbage or trash. People have to pay to get rid of these! 
Many recyclable materials, such as aluminum, command a positive market price. They are, 
therefore, considered goods, although people often treat them as trash. 

Teaching Procedure: 

1 . Explain that all individuals want to have a wide variety of things. Ask students to identify 
things they would like to have. Write these things in a "wishing weir' that you draw on the 
board or on the overhead. 

2. Discuss the students' wishes. Discuss other more mundane wants that people have. 
Explain that the tangible things that people produce to satisfy wants are called goods. 

3 . Explain that services are also things that people want. Teach this difference, showing 
pictures of people performing services. Let some students pretend to be performing some 
service, and let the other students try to guess what it is. 
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4. Pass out enough play dough for each student to make a small good. Allow five-eight 
minutes to produce the goods. Go around the room and examine each student's work. Let 
each student describe his or her work. Discuss whether the items are indeed goods. 

5. Repeat the exercise. This time tell students to produce a play dough sculpture of someone 
performing a service. Discuss the services the students produced. 

6. Have students complete the goods and services worksheet. Discuss student responses. 
Teaching Tips: 

1 . You will want to lay the ground work for this and other lessons. Some possible rules: use 
the entire piece of play dough to make the good, keep the play dough on the desk, and 
don't play with the play dough as the teacher discusses the lesson. 

2. The goods the students produce will probably focus on toys, candy, pets, etc. Explain that 
more mundane things (clothes, tools, paper, spoons, etc.) are also things that people want. 

Key Questions to Ask Students: 

1 . What is a good? (A tangible item that people produce to sell.) 

2. What is a service? (When you pay someone to do something for you.) 

3 . What do your parents produce — goods or services? (Answers will vary.) 

4. What do you want to produce when you grow up — a good or service? (Answers will 
vary.) 

Bulletin Board Ideas: 

1 . Make a "wishing well." Have students put their wishes in it and identify whether these 
wishes are a good or involve a service. 

2. Divide the bulletin board into two columns, one for goods and one for services. On 3 x 5 
cards, write names or put pictures oi goods and services, especially those that relate to 
energy and the environment. Examples are coal, trash collector, oil, wood, aluminum cans, 
gas pipe repair person, water meter reader, oil pipeline repair person. Classify the 
examples and place into the correct column. Have students find other examples. 

Student Journal Ideas: 

1 . After the play dough activity, finish this sentence: "Today I learned that ..." 

2. Collect or draw pictures of different goods or services. 

3. Write a paragraph telling what good or service you want to provide when you grow up. 
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Goods and Services 

Draw a picture of a good and a picture of someone doing a service. 




In the blanks put G if the item is a GOOD, put S if the item is a SERVICE, and put N if 
it NEITHER a good or a service. 



Jiaircut 
jgarbage 



recycling truck 
jDaper cup 



_oil pipe 



apple 
_gold 



collecting trash 
trash 

fixing an oil pipe 



Jeaching students 



wood boards 
fixing electric wires 
trash bin 
jgas meter 



Write a paragraph telling what good or service you want to provide when you grow up. 
Tell why you want to provide that good or service. Who would want your good or 
service? 



32 37 



Activity 2 

Resources and Production 



Teaching Objectives: After completing this activity, students will be able to: 

1 . Explain that goods and services must be produced. 

2. List the three basic categories of productive resources. 

3. Give examples of natural resources (fend), human resources (labor), and capital resources. 

4 . Diagram the basic Production Model. 

5. Explain how energy is required in all production and consumption. 

6. Explain how production and consumption will necessarily affect the environment. 

Time Allowed: • Two 30 - 40 minute periods 

Materials: • A small amount of play dough for each student 

• Pencils, ruler, scissors, and other "capital resources" 
(Optional — Econ and Me video #4 — "Production" 

Vocabulary/Concepts: 




• Productive Resources: the inputs (natural, human, and capital) needed to produce goods and 



• Production: combining productive resources to obtain goods and services. 

• Natural Resources: things found in nature which are used in production, such as air, water, 
trees, or the land itself. 

• Human Resources: human work (mental and physical) used in production. 

• Capital Resources: man-made physical resources used in production, such as buildings, tools, 
equipment, and machinery. Human skills gained through education and training are referred to 
as human capital. 

• Energy Resources: resources such as oil, natural gas, uranium, and coal. 

Producers (entrepreneurs) take the initiative to purchase productive resources (inputs) and use 
them to produce the goods and services (output) they think consumers will purchase. Producers 
are seeking to make a profit. 



All production and consumption require the use of some form of energy. All production and 
consumption also pollutes the environment to some degree. This unavoidable effect isn't all bad, 
since societies must have goods and services to survive and prosper. Societies must choose how 
much pollution they are willing to tolerate. Zero pollution is impossible. 
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Teaching Procedure: 

If you decide to explore the topic of production in more depth, this lesson can be expanded 
significantly. There are many creative activities that your students can do. 

1. To introduce this lesson, ask students to recall from Lesson 1 some of the different goods 
and services that people want. Ask how people get these goods and services. (Businesses 
produce them. The goods are then transported by truck, rail, etc., to the stores. The price 
of a good includes these distribution costs.) 

2. Explain and discuss the difference between a producer and a consumer. 

3. Explain that businesses use productive resources to produce goods and services. Use 
actual examples and/or pictures of the three types of productive resources and explain the 
differences between them. Use the Production Model below in your discussion. 

Figure 1 

Using Productive Resources to Produce Goods and Services 
Production Consumption 




Natural Uftwr Capitol 

W m uic n 

The good and services are scare because there are not enough 
productive resources to satisfy all of society's wants. 



4. Ask students to produce a good using play dough. The play dough represents the natural 
resources, the students represent human resources, and any small "tool" (pencil, ruler, 
scissors, desk, etc.) represents physical capital. Students can use their "capital" to help 
fashion their good or to make designs and marks that make it look more realistic. 

5. Discuss stuo - -t creations. Have several students identify the productive resources that 
would be necessary to produce a real good. Write these on the board. 

6. (Optional) Show and discuss Econ and Me video #4 — "Production." 

7. Have students complete Handout 1. Discuss student responses. 

8. Discuss the energy that is required to produce various goods and services (Figure 2, p. 
5). Also discuss how all production and consumption results in some pollution of the 
environment (Figure 3, page 7). Have students complete Handout 2. Discuss student 
responses. 
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Teaching Tips: 



1 . Make a point to identify productive resources when they appear in stories, textbooks, and 
classroom discussion. As you learn to use the term more frequently, your students will 
learn it naturally, and will begin to use it themselves. 

2. Emphasize that the "capital" (pencils, rulers, desk, etc.) your students use in production 
represent real tools, machinery, buildings, and equipment that businesses use. 

Key Questions to Ask Students: 

1 . Where do goods and services come from? (They must be produced.) 

2. What is the difference between a producer and a consumer? (Producers make goods and 
services; consumers buy and use goods and services.) 

3. What are productive resources? (Basic things we need to produce goods and services.) 

4. What are the three basic types of productive resources? (Natural, human, capital.) 

5. What are examples of the different types of productive resources? (Answers will vary.) 

6. What are some examples of energy resources? (Oil, natural gas, uranium, coal, etc.) 

7. Is energy always necessary when we produce and, consume goods and services? (Yes) 
A Does production and consumption always result in some pollution? (Yes) 

9. Can a community ever have zero pollution? (No) 




Bulletin Board Ideas: 



1 . Divide the bulletin board into three columns. Cut out pictures from magazines and classify 
them in the correct column. 

2. Create a bulletin board for each of the productive resources. 

3. Create a bulletin board titled "Our Energy Resources." 

4. Illustrate the basic production model. Add to the model by showing a.) how energy is 
needed for production and consumption (Figure 2, p. 5) and (b.) how the wastes of 
production consumption impact the environment and other people (Figure 3, p. 7, Figure 
5, p. 10). 

Student Journal Ideas: 

1 . After the play dough activity, finish this sentence: "Today I learned that ..." 

2. List and classify what productive resources are needed to produce teaching s& vices. 

3. List what types of energy are needed for your school. 

4. Identify the different types of pollution resulting from a day in your school. 

5. Draw and label the basic production model. 
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Handout 1 

Productive Resources 

1 . a. Draw and color a picture of someone performing a service. 




b. Define productive resources. 



c. In the blanks below list some productive resources that would be needed to provide 
the service you drew above. 

Natural Resources Human Resources Capital Resources 



2. In the box below, diagram the production model. Be sure to label the parts of the model. 

The Production Model 
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1. 



Handout 2 

Productive Resources 

Draw and color a picture of someone producing a good. 



2. List three different kinds of energy needed in the production you drew above. 



3. List four kinds of pollution or waste that come from the production you drew above. 



4. Make four small drawings that show how you use energy in your home. 



5. List three different kinds of pollution or waste that come from your home. 



6. Is it possible to eliminate all the pollution from the production of the good above? 

7. Is it possible to eliminate all the pollution that comes from your home? 

8. You could eliminate all the pollution in #1 above if you stopped production entirely. Do 
you think this is a good idea? Discuss this with your class. 
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Activity 3 

Scarcity 



Teaching Objectives: After completing this activity, students will: 



1. 

2. 
3. 



Identify a scarcity situation. 

Explain how the price of an item reflects its relative scarcity. 
Identify things that are not scarce. 



Time Allowed: 



• 



45 minutes 



Materials: 



• 



• 



• 



Play dough for each student 

Pencils, ruler, scissors, and other small articles of "capital 5 
Econ and Me video #1 — "Scarcity" (Optional) 



Vocabulary/Concepts: 

• Scarcity: the condition of not being able to have all of the goods, services, or productive 
resources that you want. 

• Price: the amount of money it takes to buy a good, service, or productive resource. 

• Relative Scarcity: the scarcity of one good or service compared to another. The price of a 
good or service reflects its relative scarcity. 

In economics, scarce does not necessarily mean "rare " Any item is considered scarce if the want 
for it exceeds its availability — at a zero price . However, some items are more scarce than others. 
Items that are highly valued and more limited in supply are relatively more scarce than those 
which are less highly valued and more abundant in supply. Differences in prices, which measure 
the exchange value of one good or service compared to another, reflect relative scarcity. This is 
why a car costs more than a pencil, and why sports superstars make more than teachers or 
plumbers. The concept of scarcity is so fundamental to economics that it is often called "the basic 
economic problem." 

It is difficult to identify things that are not scarce. Examples would be sand and water at the beach 
or the air you are breathing now. But even air is scarce to the scuba diver or astronaut, and 
certainly clean air is scarce for the inhabitants of large cities. Trash and garbage are not scarce — 
in fact, we pay to get rid of them! Some recyclable materials are scarce in the economic sense 
because they command a price in the market. Aluminum is a good example. Other recyclable 
materials are less scarce, and, therefore, are worth little or nothing in the market. Certain plastics 
or newsprint may fit this category, depending on the situation. 
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Teaching Procedure: 

1 . (Optional) Show and discuss the Econ and Me video "Scarcity." (This video also teaches 
the concept of productive resources, which is covered in Activity 2.) 

2. Display an inexpensive good (pencil, eraser, piece of candy, etc.) to the class. Ask which 
students would like to have the good — free! Since more than one student will want the 
good you have a scarcity situation. (See "Scarcity Rule" described in Teaching Tip 1 .) 

3. Explain that this good and other goods and services are scarce (write on board). Explain 
the economic concept of scarcity, giving other examples. 

4. Ask students to identify things that are not scarce (air we breath in class, snow in a 
blizzard, salt water and sand at the beach, etc.) Be careful — in certain situations air is 
scarce (underwater, outerspace). Clean air is often scarce in smoggy cities. Explain that 
garbage and trash are not scarce. We must even pay to get rid of them! 

5. Hand out some play dough to each student. Students must create a scarcity situation 
showing more than one person wanting a specific, scarce good. Allow about 10 minutes to 
create sculptures. Give some suggestions. Walk around the room, encouraging students in 
their work. 

6. Have each student explain how his or her sculpture illustrates a scarcity situation. (Does it 
fit the "Scarcity Rule?") 

7. Write "scarce" or "scarcity" on the board and practice spelling it with the students. Have 
students write and define the word in their journal. 

8. Have students do the Scarcity worksheet. Discuss student answers. 
Teaching Tips: 

1 . The "Scarcity Rule:" A simple rule to help students determine whether an item is scarce is 
this: If the item is made freely available, does more than one person want it? If the 
answer is "yes/' then the item is considered scarce. For example, if a teacher offers a free 
pencil to her class, more than one student will want it. In this situation, the pencil is 
scarce. If a piece of gold were offered, the same thing would happen. However, if students 
are freely offered a pencil or the gold, most will choose the gold. In economics both items 
are considered scarce, but gold is relatively more scarce, and thus commands a higher 
price. 

2. Do not expect all of your students to master the concept of scarcity the first time. It's not 
that easy! However, if you use daily situations in your classroom to illustrate the concept 
("Six students want the playground ball. It certainly is scarce!") and if you use the concept 
in the following energy and environmental units, most of your students will master it. 

3. If time permits, use some of the teaching activities in the Econ and Me teachers manual. 
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Key Questions to Ask Students: 



1 . Give an example of a scarcity situation. (Answers will vary.) 

2. Give an example of something that is not scarce. (Sand at the beach, air in the atmoshere, 
garbage.) 

3 . Why isn 7 garbage or trash considered scarce? (Nobody wants it. We pay to get rid of 
it!) 

4. Why are all goods sold in a store scarce? (At a zero price there would not be enough to 
satisfy everyone's want for them. The price of goods helps determine who gets them.) 

5 . What are some examples of some services that are scarce? (Doctor, nurse, car repair, 
etc.) 

6. Are energy resources scarce? Why? (Y es. They are not freely available. It takes scarce 
productive resources to produce energy.) 

7. In a store, what is the "clue " that tells us which goods are more scarce than others? (The 
price of the goods.) 

8. Why do athletic superstars make more money than your parents? ( Their skills are 
relatively more scarce than the skills of your parents. Team owners are willing to pay 
superstars huge salaries, since their scarce skills will make money for the team.) 

Bulletin Board Ideas: 

1 . Divide the bulletin board into two columns showing scarce goods and scarce services. 

Also indicate those that are "very scarce" and those that are "not very scarce." Or, divide 
the bulletin board into two columns, one showing scarce goods and services and the other 
showing things that are not scarce. 

3 . Create a bulletin board illustrating the "Scarcity Rule" (Teaching Tip 1). 

4. Create a bulletin board showing scarce energy resources. 

5. Create a bulletin board showing recyclable materials that are scarce (e.g., that have a price 
in the market, like aluminum ) and those that may not be scarce (e.g., like some plastics). 
Students will have to research the market price of recyclable materials in their region. 
(Write to the Indiana Institute on Recycling, Room 921, School of Education, Indiana 
State University, Terre Haute, IN 47809.) 

Student Journal Ideas: 

1 . After the play dough activity, finish this sentence: "Today I learned that ..." 

2. Draw a scarcity situation. 

3 . List scarce energy resources. 

4. List items that are "very scarce" and those that are "not very scarce." 

5. Write a paragraph explaining why some recyclable materials are considered "scarce" and 
some are not. 

6. Write a paragraph explaining why garbage and trash are not scarce. 
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Scarcity 

1 . Draw a scarcity situation in the space below. 



2. Draw a circle around the items below that are not 5carce. 
Shirt Garbage Automobile Sand in the desert 
Book Gold Air you are breathing A nurse' s services 

TV repair Shoes Air in space Saltwater at the seashore 

3. In a store, what "clue" tells you if some item is more scarce than another item? 



4. Draw a picture of a good that is very scarce and a good that is not very scarce. 

5. List four energy resources. Are these resources scarce? Why2 





Activity 4 

Opportunity Cost and Trade-Offs 

Focus on Consumers 
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Teaching Objectives: After completing this activity, students will be able to: 

1 . Define and explain opportunity cost. 

2. Identify the opportunity cost of a consumer decision. 

3. Explain why there is an opportunity cost to every consumer decision. 

4. Identify trade-offs when making decisions. 

5. Solve a problem using a decision model. 

Time Allowed: • Two 30 - 40 minute periods 

Materials: • (Optional) Econ and Me video #2 — "Opportunity Cost" 

• A small piece of play dough for each student 

• Decision Tree worksheet (pg. 19) 

Vocabulary/Concepts: 

• Opportunity Cost, the single most valuable opportunity given up when a choice is made. 

• Trade-offs; giving up some of one thing in order to get some of another. 

Scarcity of income means that people cannot buy everything they want. They must choose which 
goods and services they wish to purchase. When consumers purchase a good or service, they are 
giving up the chance to purchase another. The best single alternative not chosen is called the 
opportunity cost. Since a consumer choice always involves alternatives, every consumer choice 
has an opportunity cost. 

Choices also involve trade-offs — getting a little more of one option in exchange for a little less 
of another. For example, suppose Mr. Jones decides to extend his vacation trip to Florida from 
one to two weeks. This extra cost means not upgrading his computer system, which he really 
wants to do. In this case, he is trading-ofT better computing capabilities for more vacation time. 

Teaching Procedure: 

1 . (Optional) Show and discuss the Econ and Me video, "Opportunity Cost." Ask students 
if they would like to do a play dough activity that will help them master this concept. 

2. Ask students if they have ever purchased something at a store. Tell them that they are 
going to have a store in their classroom. Identify a table in the front of the classroom to 
serve as a "store." Point out one major problem — there are no products in the store! 
Ask students if they would like to produce some products. 
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3. Tell students that they first will be producers. Briefly explain this concept. Pass out a 
small amount of play dough to each student. Tell students to use their productive 
resources (natural, human, capital) to produce a scarce good that one might find in a 
typical department store. Tell them to do good work, since their goods will be sold at the 
class store. 

4. After 10-15 minutes let each child describe his or her product and then place it in the 
store. 

5. Tell students they will now be consumers. Briefly explain this concept. Ask for a 
volunteer to "shop" at the store. The volunteer must prefer at least two of the other goods 
to the one he has produced. Choose a student and have him identify the good he 
produced. Then ask the student to identify the two goods produced by other classmates 
that he most wants and would be willing to trade for. Place these two goods on the store 
"counter" (a nearby desk). The student must trade his good for one of those two goods. 
Identify the good not purchased as the student's opportunity cost. Ask, "What would be 
the opportunity cost if he chose the other good instead?" (The good not chosen.) 

6. Then ask the class to explain the trade-offs of this choice. (If the student traded a baseball 
bat for some candy, he was trading ofFbaseball recreational opportunities for the benefits 
of the candy.) 

7. After several students have "shopped" at the store, change the rules somewhat. Ask the 
shoppers to identify three goods that they want most and would be willing to trade for. 
The opportunity cost will be the one good that was their second choice. (See Teaching 
Tip 1.) 

8. Have students do the Opportunity Cost — Consumers worksheet. Then use the Decision 
Tree worksheet to solve the two case studies. Discuss student responses. 

Teaching Tips: 

1 . Students frequently think that the sum of their various alternatives is their opportunity 
cost. This is incorrect, since only one alternative choice is actually forgone. For example, 
suppose Maiy is willing and able to purchase choice A, B, or C, in that order of 
preference. If she purchases A, choice B is her opportunity cost, not B and C. 

2. Make sure students understand that the good they trade is not their opportunity cost. 
Rather, their second choice from the goods they want to trade for is their opportunity 
cost. Likewise, in a real store, one's opportunity cost is not the money paid for a good, 
but the next best alternative good that was not purchased! 
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Key Questions to Ask Students: 

1 . If I have two choices A and B, and I purchase B, what is my opportunity cost? (Choice A) 

2. Suppose I have three consumer choices A, B, and C t and each costs $10. If I purchase B, 
why aren 7 both A and C my opportunity cost? (I cannot purchase both A and C. I am 
really giving up only my second best choice.) 

3. Why is there an opportunity cost to every decision? (There is always an alternative choice 
that was given up.) 

4. Sally has enough money to buy two new pens for school She wants both pens, but decides 
instead to purchase one pen and one piece of candy. What is her trade-off? (She is 
trading off an extra pen to get candy.) 

5 . A city uses its tax money to purchase a recycling truck instead of making a new park 
What is the trade-off? (The city is trading off park services for recycling services.) 

Bulletin Board Ideas: 

1 . Show the opportunity cost and/or trade-offs of various choice situations, such as the city's 
recycling/park situation in Key Question 5 above. 

2. Show the Decision Tree (from the Econ and Me video) being used to solve a problem. 
Identify the opportunity cost of the decision. 

Student Journal Ideas: 

1 . After the play dough activity, finish this sentence: "Today I learned that ..." 

2. Draw an opportunity cost situation. Write a sentence explaining the diagram. 

3. Describe a choice you had to make. Identify the opportunity cost of the choice. 

4. Write a paragraph describing a choice a city might have to make. What are the pros and 
cons of the possible choices? What is the opportunity cost of the final decision? Draw a 
picture that goes with the paragraph. 
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Opportunity Cost — Consumers 



1 . In your own words, write what opportunity cost means. 



2. You have just received $10 for a birthday present from your uncle. You want to spend it 
on either a soccer ball, a large box of candy, or a new shirt. (Each costs $10.) Put a i 
under your first choice, a 2 under your second choice, and a 3 under your third choice. 




3 . What is the opportunity cost of your first choice? « 

4. Were your choices the same as those of yoiir classmates? Why not? 



5. Suppose your friend has the same first choice as you. Does this mean his or her 
opportunity cost is the same as yours? Why or why not? 



6. Sara has one hour until bedtime. She can read a book, play a game, or bake a cake. She 
decides to play a game. Her second choice is to read a book, and her third choice is to 
bake a cake. 

a. What is the opportunity cost of her decision to read? 



b. Can Sara's opportunity cost be reading the book and baking a cake? 
Why or why not? — 
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Case Studies 

Directions: Work in groups. Decide what to do in the two case studies below. 



Case Study! 

' Your parents-are go^^t|H^pBHight of^^|^^|i|^Bi»y P«ty- After :: 

'|pth your parents, your two choices for a party 




♦ a kkkball party followed by a hotdog and irumhmaliow roast at a local park. 

« a miniature golf party foOowexlb^^ 





You really would like to do both, but it's not possible. Half of your friends want the kickbali 
party and half want the iniiiiatUTe golf party You Just don't know what to doi 



1 . Which birthday party will you choose? 



2. What is the opportunity cost of your choice?- 



I ( ; Your city bJBiiilOftax money to use to make your city a better place tolllllfllP 
||§|i||||lligi^^ possibilities down to the two choices described below^;|^;|||pn 
must be made next week. 

•; ■■■■y- y ' .. : . ■'• .-. y. . • : " '-. -\- • . ' • 

||||||||||SH|Si|oi«jy to plant 300 new trees along some streets of the dty.: 
birds, more places to live. 

lllllllllll^ 

l!:fyi^il;$IKiliilitee we just too mam^ji|»fc|Mli||)d5ting field. Some of the children , . 

cannot be on a team because there is nd|Bp play games if more teams are formed. 



1 . What would you do? 



What is the opportunity cost of your decision? 

If the city selects your decision, what trade-offs would the city be making? 
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Activity 5 

Opportunity Cost and Trade-Offs 

Focus on Producers 



'teaching Objectives: After completing this activity, students will be able to: 



1. 
2. 
3. 
4. 
5. 



Define and explain opportunity cost. 

Identify the cost of producer decisions. 

Explain why there is a cost to every producer decision. 

Identify trade-offs when making decisions. / 

Solve a problem using a decision model. 



Time Allowed: 



Two 30-40 minute periods 



Materials: 



A small piece of play dough for each student 
(Optional) Econ and Me video #4 — "Production 1 
Opportunity Cost and Case Study Worksheets 



Vocabulary/Concepts 

• Opportunity Cost: the single most valuable opportunity given up when a choice is made. 

• Trade-off: giving up some of one thing in order to get some of another. 

Producers use productive resources to produce goods and services. Because productive 
resources are scarce, there are not enough to produce all of the goods and services that people 
want. Producers must choose which goods and services to produce. Productive resources used to 
produce one good or service cannot be used to produce another. For example, a producer cannot 
use the same building (capital resource) for a pizza restaurant and an insurance agency. 

The single most valuable opportunity given up when a producer makes a decision is the 
opportunity cost. Suppose a pizza restaurant and an insurance business are the best uses for a 
particular building. If a producer decides to use the building for a pizza restaurant, not being able 
to use it for an insurance business would be the opportunity cost. The opportunity cost of 
choosing to use the building as an insurance agency would be the lost benefits of using it for a 
pizza restaurant. 

Producer decisions also involve trade-offs — getting a little more of one option in exchange for a 
little less of another. If a community government decides to use scarce tax revenues to build more 
parks and fewer roads, the government is trading-off roads for parks. 
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Teaching Procedure: 



1 . (Optional) Show and discuss Econ and Me video #4 — "Production " Tell students they 
will do a play dough activity that will help them learn more about production and 
opportunity cost. 

2. Tell students that they will be producers in this activity, and will learn more about 
opportunity cost. Distribute a small amount of play dough to each student. Ask them to 
use their productive resources (natural, human, and capital) to produce one of two types 
of goods: something to eat (food) or something to wear (clothing). 

3. After 6-10 minutes, collect and admire the finished products. Place them on a table in front 
of the room. 

4. Have students count how many items of food and clothing have been produced. List the 
number on the board. 

Example: Food Clothing 

11 9 

5. Tell the class that they may want to make some changes in what was produced. Perhaps 
they would like to have more food or more clothing. Take a vote to determine if the class 
would like more food or more clothing. In this example, assume that the class votes for 
more food. 

6. Choose one of the ifiore "artistic" clothing items and slowly and deliberately crush and 
mold it into a crude food item (apple, pancake, etc.). Repeat this with two other clothing 
items. As the class moans and groans, tell them that you are only doing what it wanted — 
producing more food! 

7. After you have finished, announce that the class is definitely better off now, since there is 
more food. Wait a few moments. Hopefully, a perceptive student will respond, "Not 
necessarily. Now we don't have as much clothing!" Explain that because there is a 
scarcity of productive resources, there is an opportunity cost to getting the extra food. 
Ask the class to identify the opportunity cost (two clothing items). Students should 
understand that the opportunity cost for producers are the goods or services not produced 
as a result of producing something else. 

8. Discuss the concept of trade-offs. Explain that the class was trading-off clothing to get 
more food. Emphasize that many decisions are not all or nothing. We frequently accept 
less of one thing in order to get more of another. 

9. Have students do the Opportunity Cost — Producers worksheet and the Case Study. 
Discuss student responses. 
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Teaching Tips: 



1 . Students have the tendency to produce food instead of clothing. For the teaching activity 
to be successful, a sufficient number of both items needs to be produced. Before students 
begin, it is helpful to mention various clothing items (shoes, rings, necklaces, hats, etc.) 
they could produce. 

2. You should explain that over time more food and clothing can be produced, especially as 
productivity increases. This certainly has been the case in the United States during the past 
two centuries. But at any one point in time, producing more food means producing less 
clothing (assuming that food and clothing are the only goods produced). 

3. This is an important lesson because most lessons on opportunity cost focus only on 
consumer choice. Few lessons emphasize that producers also must make choices that have 
opportunity costs. 

Key Questions to Ask Students: 

1 . Give an example of a producer having to make choices. (Answers will vary . Producers 
must choose what to produce and how to produce it.) 

2. What does opportunity cost mean? (What you must give up to get something.) 

3 . Sally must decide what to do when she grows up. She wants to be a nurse or an 
accountant, but unfortunately she cannot be both. What is her opportunity cost if she 
decides to be an accountant? (Being a nurse.) What is her opportunity cost if she 
decides to become a nurse? (Being an accountant.) 

4. Why is there an opportunity cost to every producer decision? (There are always 
alternatives that can be chosen.) 

5. A clothing producer uses his productive resources to produce more blue jeans and less 
T-shirts. What is the trade-off? (The producer is trading off T-shirts for blue jeans.) 

6. Why might a producer decide to produce more blue jeans and less T-shirts? (Producing 
blue jeans might bring more profit for the producer.) 

Bulletin Board Ideas: 

1 . Show the opportunity cost of a producer decision (a farmer choosing to produce corn 
instead of wheat, etc.). 

2. Show the opportunity cost of choosing a certain career. 
Student Journal Ideas: 

1. After the play dough activity, finish the sentence: "Today I learned that ..." 

2. Draw a producer opportunity cost situation. Write a sentence explaining the diagram. 

3. Write a paragraph describing what you might like to be when you grow up. In your 
paragraph, list several things you might like to do and identify the opportunity cost of a 
career decision. 
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Opportunity Cost — Producers 




1 . What is the difference between a producer and a consumer? Give some examples of 
each. 



2. Write the opportunity cost of each decision in the blanks. 

• a. Last year Farmer Smith planted 20 acres of corn and 20 acres of soybeans on his 40- 
acre farm. This year he planted 30 acres of corn and 10 acres of soybeans. 



b. Mrs. Johnson wants to use her vacant building to operate either a pizza restaurant or 
an insurance business. She decides to operate the pizza restaurant. 



c. Mr. Williams teaches 5th grade science. He has only one week left in the school year. 
He wants to teach a unit on water resources and a unit on insects, but he does not 
have time to do both. He decides to teach the unit on water. 



d. Sarah must decide what to study when she goes to college. She wants to be either a 
lawyer, a teacher, or an actress. She decides to be a teacher. Her second choice was to 
be a lawyer, and her third choice was to be an actress. 



3. In the space below, draw a picture showing a producer having to make a choice between 
two alternatives. In the picture, identify the opportunity cost. Below the picture write a 
short paragraph explaining the decision and the opportunity cost. 
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Case Study 



Directions: Work in groups. Decide what Sam should do in this case study. In the space below, 
draw a Decision Tree or a Decision Grid to help your group come to a decision. 



from; college. He has studied fc*|f§|l 

forests and trees. His father has,||||| 
||||{|^:|trm Hewouldbeth*p^r ? < 

important decisions. However, 
lllllf taking care of forests in Oreg|p§|f 
lllll than what he would earn de||p 

the "boss" and wouldn't makll 

■y-yyyyy-^ 



: growing and taking care of 




?uld make all § 

^P^iiii a good job ||| 
8r, wouldn't^ ; : 



111111 



S:->; ; ->>>>: 



What is the opportunity cost of the decision you made for Sam? 



What are some of the trade-offs Sam is making if he does what your group decided? 
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Answers to Selected Teaching Activities 



Activity 1: Goods and Services: 2. Goods: recycling truck, paper cup, oil pipe, apple, gold, 
wood boards, trash bin, gas meter Services: haircut, collecting trash, fixing an oil pipe, 
teaching students, fixing electric wires Neither: garbage, trash 

Activity 2: Productive Resources: lb. These are the natural, human, and capital resources 
needed to produce a good or service, c. Answers will vary d. See diagram on page 4. 

Productive Resources: Questions 1-5: Answers will vary. 6. No 7. No 8. Probably not. 
It will depend on the amount, toxicity, etc., of the pollution. Explain that, although 
production results in some pollution, it also results in valuable goods and services. 

Activity 3: Scarcity: 2. Items that are not scarce, garbage, air you are breathing now, sand in 
the desert, saltwater at the seashore 3. Items that are relatively more scarce have a higher 
price. 4. Examples of very scarce goods: diamonds, gold, etc. Examples of not very scarce 
goods: pencil, paper clips, common baseball cards, etc. 5. Examples include oil, gas, 
nuclear plants, coal, geothermal systems, wind towers, solar systems, etc. Yes, they are 
not freely available in unlimited quantities. 

Activity 4: Opportunity Cost - Consumers: 1 . When you make a choice, it is the value of 

your next best alternative. 3. The second choice 4. No. People's values differ 5. No! The 
second choice, which is the opportunity cost, could differ. 6a. Reading a book 6b. No. 
She can't choose to do both at the same time, thus, only her second choice is her 
opportunity cost. 

Case Studies: Decisions will vary. In each case study, the opportunity cost is always the 
alternative not chosen. In Case Study 2, the trade-offs are the recreational benefits for 
environmentaybeautification benefits, or vice versa. 

Activity 5: Producers: 1 . Producers make goods and services; consumers buy and use them. 
2a. 10 acres of soybeans, b. the benefits of using the building as an insurance business, 
c. what the students would learn by studying insects, d. being a lawyer. 

Case Study: The opportunity cost is the alternative not chosen. Sam is trading off the 
benefits of being his own boss and staying near his family for the benefits of more money. 
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PLAY DOUGH RECIPE 




1 cup flour 
1 cup water 



1/2 cup salt 

2 1. cream of tartar 



1 T. oil 
food coloring 



Directions: Cook and stir over medium heat until a ball forms. Knead in a large zip-lock bag 
for a few minutes. Remove air from bag and zip shut. This recipe makes enough play dough 
to fill an average-sized sandwich bag. 
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Overview of Unit 2 

Trees and Forests 

Introduction: 

Trees and forests are a vital natural resource and affect our lives in innumerable ways. As such, it 
is very important that we learn how to manage our forest resources effectively. Fortunately, forest 
management in the United States has improved greatly since the early part of this century, when 
our forests were often abused. Forest growth is improving steadily, even in the face of increasing 
demand for wood products. Nevertheless, there is still a need for better forest management, and 
there are still controversial issues that confront policymakers. Your elementary students will enjoy 
learning about trees and forests and the difficult public policy issues surrounding them. 



Learning Objectives: 

After completing this unit, students will: 

1 . Learn to analyze a problem using a decision-making model. 

2. Explain some of the basic benefits of trees and forest resources. 

3. Understand key facts about trees and forest resources in the United States. 

4. Learn to apply the concepts of scarcity, choice, opportunity cost, and price. 



Unit Outline: 

I. 

n. 
in. 



Facts About Forests and Forest Management in the United States 
Teaching Instructions and Key Concepts to Emphasize 
Specific Teaching Activities 

A. Leaves and Trees 

B. Our Valuable Trees — A Skit 
E. Forests and Forest Products 

D. Forest Benefits and Conflicting Goals 

E. Forest Economics 

F. Conducting a Forest Survey 

G. Making Recyled Paper 

H. Further Explorations 

I. Let's Talk It Over 

J. EEE Actions — You Can Make a Difference! 

K. Case Study — "The Case of the Class Field Trip 




IV. Answers to Selected Teaching Activities 
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F*cts About Forests and Forest Management 
In the United States 



Introduction 

The topic of forest management is a crucial one in the area of natural resource conservation. Our 
forests are important for many reasons, and issues concerning the management of our forests have 
received much attention in recent years. Wise public policy decisions concerning our forests 
require citizens and decision makers who are knowledgeable about basic forest facts and forest 
management. 

The Benefits of Our Forests 

A forest is a dynamic community composed of living and nonliving things that is dominated by 
trees. Forests provide enormous benefits to our society and world. Indeed, to sustain a lifestyle 
beyond a bare subsistence level, forest resources are virtually a necessity. The basic benefits forest 
resources provide are categorized below into five major groups. 

Group 1: Forest Products 

This category includes the many commercial uses of our forest resources. Lumber, paper, and 
plywood come immediately to mind. However, trees are also used in the production of resins, 
waxes, medicines, vitamins, adhesives, lacquers, mulches, various chemicals, dinnerware, 
electrical receptacles, handles for cooking utensils and tools, textile products, baby food, cattle 
feed, insecticides, printing inks, asphalt, chewing gum, cement, ceramics, fertilizers, cosmetics, 
gummed tape, and many others. Other kinds of special forest products include Christmas trees, 
nuts, and syrup. 

Wood is also a primary energy source and is used by 
many for heating and cooking. Nearly one half of the 
world's population depends on wood as its major 
source of fiiel for heating and cooking. Worldwide, 
almost two-thirds of all wood cut is used for fuel. 
Nationally, over one- half of the paper industry's 
total energy requirement is met by burning wood 
residues, such as ground wood, bark, and pulping 
liquors. 

Individuals and businesses who grow, manage, and 
harvest trees and who produce manufactured wood 
and paper products make up the forest industry. The 
industry has annual sales of more than $200 billion. It employs about 1.6 million people, with an 
annual payroll of over $43.5 billion. In 1990 United States exports of paper, pulp, and wood 
totaled $15.6 billion. Imports were $16.6 billion. Japan is the largest export customer, followed by 
the European Common Market. 
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Indiana has a vibrant forest industry, with hardwood logs being the most important and valuable 
product. The industry produced 354 million board feet of saw logs in 1984, 58 percent more than 
in 1966. The most important hardwoods are red and white oak, tulip tree, hickory, ash, and hard 
maple. Pulpwood production has also grown. The wood residues from sawmills provide 83 
percent of all pulpwood. 

Group 2: Outdoor Recreation 

Forests are places of tremendous scenic beauty and solitude, and are thus invaluable resources for 
outdoor recreation. They provide places suitable for bird watching, hiking, camping, hunting, and 
many other recreational activities. Many people have jobs connected with these recreational 
pursuits. 

Group 3: Wildlife Habitat 

Forest ecosystems are the world's largest reservoir of 
biological diversity, and are a natural habitat for a wide 
variety of wildlife. In addition to being a primary food 
source, forests are a source of cover, giving wildlife 
protection from adverse weather, concealment for 
breeding and rearing young, or simply a place to rest. 

Group 4: Watershed Protection 

A watershed is a major land area that delivers run-off 
water, sediment, and dissolved substances to rivers and 
their tributaries. Forest watersheds can be compared to 
gigantic sponges which regulate the flow of runoff waters 
from highland sources to cropland and urban areas. The 
water absorbed and held by forest watersheds is used to 
recharge springs, streams, and ground water aquifers. This 
absorption process helps control soil erosion, flooding, and the amount of sediment flowing into 
rivers and reservoirs. 

Group 5: A Source of Oxygen 

Trees and other green plants are the primary source of the oxygen that humans and animals need 
to survive. The complex chemical process that produces oxygen is called photosynthesis. In 
photosynthesis, carbon dioxide (C0 2 ) from the atmosphere combines with water (H 2 0) in the tree 
leaves. This produces a basic sugar (CJi l2 0 6 ) and releases oxygen (Oj) to the air. Photosynthesis 
is catalyzed by chlorophyll and energized by sunlight. The chemical formula is: 
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Young, vigorously growing forests produce vast quantities of oxygen. As forests age, they 
produce less oxygen. In old, overcrowded forests, more wood may be decaying than is being 
added by growth. The decaying process may cause these forests to use more oxygen than they 
produce. 

Forest Resources in the United States 



FOREST ACREAGE: The United States is blessed with abundant forest resources. One-third of 
the United States (approximately 731 million acres out of a total land mass of 2.3 billion acres) is 
forestland. This is about two-thirds of the forest cover that existed in 1600. To be classified as 
forestland, an area must be at least one acre in size and contain at least 10 percent tree cover. 



Figure 2-1 



Forest 
731 million 
acres 



Non-Forest 
1527 million 
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Available 
Umberland 
483 million 
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Non-available 
Umberland 
248 million 
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Forest Coverage in 
America 1990 



Commercial Umberland in 
America 1990 
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Of the 731 million acres of forestland, 518 million acres are classified as timberland, forests 
capable of growing at least 20 cubic feet of commercial wood per acre per year. Approximately 
35 million acres of this timberland (an area the size of Florida) have been set aside from any 
timber harvesting by law under the National Wilderness System. The remaining 483 million acres 
are classified as commercial timberland, land that is available and suitable for growing and 
harvesting trees. Most commercial timberland is private land; however, about 20 percent of our 
timber is harvested from public lands, with 13 percent taken from our national forests. Overall, 
only about one-half of available commercial timberland is actually used for growing and 
harvesting trees. Portions are often set aside for non-timber uses, such as recreation and wildlife 
habitat. 



60 



63 



FOREST OWNERSHIP: There are three categories of forest ownership in the United States: 



1. public (federal, state, local, and Indian reservations) 

2. private (non-industrial) 

3. private (industrial) 

Figure 2-2 shows the exact breakdown. Public land is a significant portion of our nation's 
forestland, and is managed by various levels of government, with the federal government playing 
the most significant role. The private non-industrial category consists primarily of relatively small, 
individually owned woodland plots. The private industrial category identifies forestland owned by 
large timber companies. 



Figure 2-2 
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FEDERAL FORESTLANDS: The federal government owns a significant portion of our public 
forestland. A wide variety of regulations and laws guide the use of these lands. Below is a brief 
summary of federal lands and their use. 

National Forests: Congress established the national forest system in the late 1800s. National 
forests now cover about 300,000 square miles. These are "working forests," created to help 
ensure a continual supply of wood products. Timber harvesting is now permitted on 
approximately 30 percent of the national forests, accounting for 18 percent of the total U.S. 
timber harvest. The U.S. Department of Agriculture's Forest Service manages the national forests 
under the principle of multiple use. Multiple-use management means that national forests must 
also protect and enhance the other benefits of our forests, including watershed protection, wildlife 
habitats, and recreation. 
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Other federal lands are designated as set-aside areas. The purpose of these areas is to promote 
noncommercial forest uses, so timber harvesting is prohibited. Various federal agencies now 
manage over 244 million acres of forested and nonforested set-aside lands. 

Wilderness Lands: The Wilderness Act of 1964 established the National Wilderness System, the 
largest set-aside program. Wilderness lands may be forested or unforested, and have no roads, 
power lines or other signs of modern civilization. Today there are more than 95 million acres in 
the Wilderness System. The greatest increase in wilderness acreage came between 1970 and 1988, 
when acreage increased from 1 1 million to the current acreage.. Most wilderness lands are in 
Alaska. 

Fish and Wildlife Lands: A similar amount of land, 91 million acres, is managed by the U.S. Fish 
and Wildlife Service. These lands are similar to wilderness lands. They are set aside as National 
Wildlife Refuges, Waterfowl Protection Areas, Wildlife Research Areas, Fish Hatcheries, and Fish 
Research Stations. 

Bureau of Land Management Lands: The Bureau of Land Management set-aside areas total over 
32 million acres. They include Areas of Critical Environmental Concern, Research Natural Areas, 
Outstanding Natural Areas, National Natural Landmarks, Wilderness Study Areas, and 
Wilderness Lands. 

National Park Lands: Another large set-aside program is the National Park System. In 1 872, 
Congress established Yellowstone, the world's first national park. Today, national park lands total 
80.1 million acres. By law, the National Park System has two primary goals. The first is to 
conserve the natural scenery and wildlife for future generations. The second goal is to let people 
enjoy the natural beauty of the parks. The national parks' biggest problem has been their success. 
Annual usage has increased dramatically over the years, often putting biological stresses on park 
resources. 

Forest Growth 

OUR GROWING FORESTS . While deforestation is a real concern in many countries, forests in 
the United States are in no danger of disappearing. American forests have actually grown in size 
over the past century, and scientists estimate that our forests now contain 230 billion trees. In the 
nation's commercial forests net annual growth, timber growth minus losses to harvesting, 
disease, and insects, is growing by over 20 percent a year. This growth is even more impressive 
considering the large increase in demand for timber products during the past decades. 

There are several reasons for the remarkable achievements in forest growth: 

1 . Increased planting and reforestation: Tree planting and reforestation efforts have been 
very extensive. In 1990 alone, an average of 4 million trees were planted each day. The 
forest industry and private tree farmers together accounted for 84 percent of total tree 
plantings. 

2. Fewer losses due to forest fires: In the early 1900s, approximately 40 to 50 millions acres 
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were lost each year to fires. Today forest fire losses are only 2 to 4 million acres annually. 

3. Increased forestland productivity: Forest productivity, the amount of wood grown per 
acre, has increased dramatically. This has been due to much better management and care 
of our forests. The amount of wood in our commercial forests currently is increasing at an 
annual rate of 47 cubic feet per acre. In Indiana, from 1967 to 1986 the volume of 
growing stock on timberland increased by 43 percent, even though timberland acreage 
increased by only 10 percent.. 

4. Engineering Improvements in Building Design: Engineering improvements in building 
designs have greatly lowered the amount of wood used per square foot of building space. 
Wood preservatives have also extended the service life of wood. 



OLD GROWTH FOREST: The United States has 13.2 million acres of old growth forest. What 
constitutes an old growth forest varies from region to 

region, but generally it is a forest with a high percentage -^aSii^BPC&fCX^^^S-^- 
of very large trees at least 200 years old. About 8 millior 
acres of such forests are protected within national parks,? 
wilderness areas, and other set asides. Most of the old 
growth forests are in the west, although some pockets 
exist in the eastern part of the country. Where old 
growth forests are harvested, they are cut at a rate of 
about 1 percent a year, and then are replanted. Set- 
aside forests, which are not used for commercial 
purposes, will some day become old growth forests. 

Managing Our Forests 

Healthy, productive forests don't just happen. They requi 
years of careful management and protection. In the past, ^ 
forestlands in the United States were not managed : ■ 
carefully, and in many areas were badly abused and 
neglected. Although forest management is much better N /< 
today, there is still a great need for better conservation 
practices and management by all who own or use our forests. 
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PRINCIPLES OF FOREST MANAGEMENT: A basic principle of forest 
management is scientific conservation. This involves using forest resources for social and 
economic benefits without destroying the use of the resources for future generations. This 
principle differs from forest preservation, the restricting of any commercial activity so forests 
can be passed on to future generations in a natural state. 

Most public forestlands are managed according to scientific conservation, the exceptions being 
the set-aside preservation areas. By federal law, the principles of multiple use and sustained yield 
must complement the principle of scientific conservation on public forestlands. Multiple-use 
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management requires the simultaneous use of forests for timber harvesting, recreation, 
watershed protection, and wildlife habitat. Sustained yield management means that forests must 
provide a continuous high level of forest product output without impairing future forestland 
productivity. The concept of sustained yield is similar to that of a bank account, where the interest 
earned is analagous to the growth of forest. To ensure a sustained yield, a timber land owner 
would harvest only the tree growth that equates to living off the interest of a bank account and 
never letting the account go below the original amount of the principal. 

FOREST MANAGEMENT VERSUS ENVIRONMENTAL CONCERNS: The forest 
management principles of scientific management, multiple use, and sustained yield can be 
interpreted in various ways, and sometimes seem to work against each other. An example is the 
northern spotted owl controversy in the Pacific northwest. Environmentalists claim that old 
growth timber harvests endanger the owl's habitat. Timber companies argue that limited 
harvesting will not endanger the species, but will greatly harm families whose livelihoods depend 
on timber harvesting. 

Despite the controversies and conflicts that take place, the principles of scientific management, 
multiple use, and sustained yield are considered by many to be reasonable guidelines for the 
practical management of public and private lands. As one author put it, "Most controversies are 
not over the principles themselves, but how they are applied." 1 

IMPROVING FOREST MANAGEMENT: The application of wise conservation practices and 
management by both private and public forest owners has 
resulted in great improvements in the productivity of our 
nation's forests during the past 70 years. There has been a 
growing awareness of the need to manage our complex 
forest ecosystems more carefully, and to not view them 
solely as a source of timber. More care than ever is being 
given to preserving wildlife habitat, watersheds, and 
recreation areas. With proper management these nontimber 
uses of our forestland can flourish, even on forestlands 
used primarily for timber. 

There are many resources available for improving forest 
management. The United States Department of Agriculture 
and various state government agencies offer consulting 
services, print information, and many other forest 
improvement programs. Large forest companies also 
provide excellent resources on forest management. Another valuable resource is the American 
Tree Farm System. Established in 1941, the Tree Farm System is an organization of private 
forestland owners whose lands meet certain forest management criteria. The farms are inspected 
every five years by volunteer foresters to ensure that the forests continue to be well tended. Today 




1 G. Tyler Miller, Jr. Resource Conservation and Management. (Belmont, California, Wadsworth Publishing 
Company, 1990), p. 391. 
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there are over 70,000 Tree Farms, totaling over 95 million acres. 



Summary 

The days have ended when forests can be viewed only as a source of timber. Forest management 
must take into consideration all of the benefits our forests provide. The good news is that 
responsible management of our forests can enable us to enjoy all of the many benefits that forests 
provide — now and into the future. As the U.S. Forest Service states: 

When a forest is managed properly, it can provide diversified value with a variety of 
habitat for wildlife, numerous recreational opportunities, scenic landscapes, jobs which 
help support a rural lifestyle, clean air, stable soil, high quality water, wood products 
which we need every day, and healthy trees for the future. 2 
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Tomorrow's Forests Begin Today: The How and the Why of Good Forest Management, U.S. Forest 
Service, U.S. Government Printing Office, 1988. 
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Teaching Instructions 

Overview: 

The specific teaching activities do not have to be done in order. However, you may want to cio 
the Case Study toward the end of the unit, after students have mastered much of the basic 
information. Some of the basic information to teach your students is found in the preceding Facts 
About Forests and Forest Management section. Other information is available from a variety of 
sources, many of which are listed in this booklet's Resources section. Encourage your students to 
research this information on their own. The Further Explorations A-Ctivity suggests a variety of 
research activities 

Some of the key economic concepts your students should learn in this unit on Trees and Forests 
are described immediately below in the "Key Concepts to Emphasize" section. These concepts are 
often highlighted in the "Key Questions to Ask Students" section of specific teaching activities. 

Key Concepts to Emphasize: 




1. Scarcity: Trees, like all other goods, services, and productive resource are defined as 
"scarce," since at a zero price there are not enough trees to satisfy all wants for them. This 
does not mean that forest resources are dwindling. In fact, our forests are producing more 
wood fiber than is being used. 

2. Forest Management Requires Scarce Productive Resources: Productive, healthy 
forests require knowledgeable, skilled labor resources, and adequate capital resources. 
Forest managers must understand the latest scientific management principles and must 
possess the proper equipment and technology to apply these principles. There is a cost to 
obtaining these scarce productive resources, as there is in any productive enterprise. 

3. Public versus Private Ownership of Commercial Forests: Most commercial forestland 
in the United States is privately owned (72 percent). Private individuals own 57 percent of 
this total. Most of the controversial issues that appear in the media involve forest 
management policies on public lands. 

Private forest owners and forest companies have an economic incentive to manage their 
forestlands intelligently, since they will reap the benefits of good management. Poorly 
managed land tends to lose value, with the owner suffering the loss. A problem in many 
less developed countries is th*t individuals often have free access to commonly owned 
forestlands. This results in overuse, since there is little economic incentive for individuals 
to manage commonly owned forests carefully. An example is the excess cutting of trees 
for firewood. Tree planting efforts by governments in less developed countries have had 
mixed results. The World Development Report 1992, published by the World Bank, 
reports that successful replanting efforts have taught an important lesson: "Trees can be a 
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highly profitable commercial crop — but farmers must be given the right to own, cut, and 
sell them at fair market prices."* 



4. Wood Prices, Profits, and Incentives: The market price of wood is determined by its 
supply and demand, and is a reflection of wood's relative scarcity. The market price for 
wood changes constantly, reflecting changes in supply and demand. In competitive 
markets, timber producers cannot set the price. They must accept the price that is 
determined by the market. Profit is the amount of money left over from sales revenues 
after all production costs have been paid. It can be expressed as an equation: 



PROFIT = SALES REVENUES — PRODUCTION COSTS 



Tree farmers try to lower their costs in order to increase profits. An increase in the market 
price also can increase profits. Of course, increasing costs and a decreasing market price 
will have the opposite effect. 

An issue that has sparked some controversy is whether the market price of wood truly 
reflects the costs of production. Some environmentalists contend that wood producers do 
not bear the costs they impose on the environment, especially damage to wildlife habitat 
and loss of scenic beauty. They also contend that wood producers receive direct or 
indirect subsidies (artifically low harvesting fees, tax breaks, etc.) to harvest on public 
lands. This lowers timber production costs and artificially lowers the price of wood 
products. This low price then encourages more demand for wood products, putting more 
stress on our forests. 

5. Paper Recycling: Students and the general public typically believe that recycling paper 
saves our old forests from destruction. Actually, trees used for paper production are 
planted on tree plantations and are harvested like other crops. As the demand for trees 
increases, farmers plant more trees. Also, much paper is made from wood residues created 
from the manufacture of wood products or from lower grade trees that have been thinned 
(culled) in order to improve the growth of the remaining trees. Paper recycling is a good 
way to reduce the amount going into landfills, but does not save our forests from 
destruction. Currently, the United States recycles about 35 percent of its paper. By the 
mid-1990's over 50 percent of the wood fiber used in paper production should come from 
recycled paper and manufacturing residues. 

6. Assigning Monetary Values to Environmental Concerns: One of the difficulties 
policymakers face is assigning monetary values when making decisions about the 
environment. For example, when considering whether to set aside additional wilderness 
areas, how does one put a price tag on the environmental value of scenic wilderness areas? 
In this particular issue, some feel that no price tag can be put on the value of wilderness. 
To them, setting aside wilderness is primarily a moral issue, not an economic one. This 
makes it very difficult for policymakers, who must consider economic costs and benefits in 
their decisions. 
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Opportunity Costs and Trade-Offs: Any public policy decision will involve opportunity 
costs and trade-offs among different policy goals. For example, setting aside more 
wilderness preservation areas means less wood harvested and, therefore, higher prices for 
wood products. Electing not to set aside preservation areas means losing the benefits of 
having no commercial activity. Wise public policy requires honest attempts to assess the 
true opportunity costs of policy options. 
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Activity 1 



Leaves and Trees 
Teaching Objectives: After completing this activity, students will be able to: 

1 . Identify the leaves of various kinds of trees. 

2. Explain that some trees are more scarce than other trees. 

3 . Explain that in the marketplace, trees that are relatively more scarce have a higher value 
and a higher market price. 

Time Allowed: • Three 30-minute periods 

Materials: 0 Leaves from trees in the schoolyard, nearby park, or wooded 

area 

• Drawing paper 

• "Trees in Our Community" worksheet 

Vocabulary/Concepts: 

• Scarcity: in economics, the condition of not being able to have (at a zero price) all of the 
goods, services, or productive resources (including trees!) that you want. Because trees are 
scarce, people must make choices how to use them. 

• Price: the amount people pay to buy a good, service, or productive resource. Differences in 
prices reflect differences in relative scarcity. Items which are relatively more scarce have a 
higher pjice than items that are relatively less scarce. 

Teaching Procedure: 

1 . Put the word "tree" on the board. Ask students to tell all that they know about trees. 
Write the different student responses on the board. (Concept map) 

2. Put one leaf on each student's desk. Have students write down the different 
characteristics of the leaf, and read these characteristics to the class, 

3. Students then form "investigation teams" with other students who have the same type of 
leaf. The group chooses a recorder to record student observations and a group artist to 
draw the tree. Teams then go outside (schoolyard, park, or nearby wooded area) and find 
a tree that corresponds with the leaf. Each group must . 

a. carefully observe the tree and identify characteristics that "make our tree special." 

b. count how many of their particular tree there are in the schoolyard. 
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c. identify any benefits their particular tree provides. 

d. identify any problems the tree might cause (growing too close to the building, etc.). 

4. Back in the classroom, discuss team observation. (Optional: each student could write a 
paragraph about the group's observations.) Discuss the various benefits that trees provide 
in the schoolyard, park, or wooded area. Also discuss the problems that certain trees can 
cause. Discuss whether there should there be more or less trees in the schoolyard. 

5 . Distribute the "Trees in Our Community" worksheet. Explain how the bar graphs 
illustrate how many of each kind of tree were found. Use the bar graphs to introduce the 
concept of scarcity. Have students identify the trees that were the most scarce and least 
scarce. 

6. Discuss where trees in schoolyards or parks come from. Have students call a local tree 
nursery and find out the prices of the various trees they observed and the prices of other 
types of trees. List these prices on the board. Discuss why these prices vary. 

Teaching Tips: 

1 . Use words generated by the students for spelling, vocabulary, and writing stories. 

2. . Have students observe the trees in succeeding months, noting any changes. 

3 . Save leaves by pressing, dipping in wax, laminating, or covering with Elmer's glue. 

4. Keep your own file of pressed, preserved leaves. 
Key Questions to Ask Students: 

1 . Why don 7 we get more trees for the schoolyard? (Trees are a scarce resource. It costs 
money to buy, plant, and take care of them. There are other important uses for the 
school's money besides new trees.) 

2. When are trees not scarce in a schoolyard? (When we sometimes need to get rid of them! 
The trees may be in the way of a new ball diamond, growing too near the building, etc.) 

3 . Why do some trees cost more than others? (Some trees have special characteristics that 
make them highly useful and highly valued.) 

Bulletin Board Ideas: 

1 . Display the tree pictures and the corresponding observations of each team. 

2. Press the leaves and make a "Bulletin Board Tree/' 

3 . Display the prices of the trees found at local nurseries. 

4. Make a "Trees are Special" bulletin board. 

5. Cut out silhouettes of different tree species. 
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Student Journal Ideas: 



1 . Draw a picture and make observations of a favorite tree. 

2. Write a paragraph about why "Trees are Special ." 

3 . Write a paragraph about why it was necessary cut down a particular tree at home or in 
the neighborhood. What was the opportunity cost? 

4. Draw a picture of a particular tree in the schoolyard. Write a story from the tree's point 
of view, about what it*'s like to be a tree in the schoolyard. 

5. Write a paragraph about things that damage trees (pulling off bark, lawn mower disease, 
salt, etc.). 
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Trees in Our Community 

1 . Make a bar graph showing how many of the different kinds of trees you found in your 
school yard, park, or wooded area. Use different colors in your graph and label it 
correctly. 
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2. Below are some of the benefits that trees provide for our cities and communities. Discuss 
these benfits with your class. Circle the five benefits that you think are the most important. 

* Produce oxygen * Provide color, flowers, and beautiful shapes 

* Provide privacy * Trap dust and other pollutants 

* Absorb carbon dioxide * Shade and cool citites, reducing energy usage 

* Reduce soil erosion * Block winds, keeping buildings warm in winter 

* Absorb and block noise * Provide habitat and food for birds and animals 
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3. In economics, goods, services, and productive resources (including trees) are considered 
"scarce." (This means that if they were free, there would not be enough for everyone to 
have all that they want.) The price of a good, service, or productive resource gives us a 
clue about how scarce it is compared to other things. For example, a car is relatively more 
scarce (more expensive!) than a bicycle; gold is more scarce than tin; and so on. Certain 
types of trees that are planted in communities cost more (are relatively more scarce) than 
other types because they have certain characteristics that make them more valuable to 
consumers. 

In the blanks below, list five specific characteristics of certain trees that make them more valuable 
(and usually more expensive) to consumers than other trees. 

a. 

b. 

c. 

d. 

e. — . 
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Activity 2 



Our Valuable Trees — A Skit 



Teaching Objectives: After completing this activity, students will be able to: 



1. 
2. 



Identify characteristics of different trees. 
Explain the economic concept of scarcity. 



Time Allowed: 



30 minutes 



Materials 



• 



• 



Skit cards 

"Tree" costumes (optional) 



Vocabulary/Concepts : 

• Value, the worth, importance, or usefulness of something. 

• Scarcity: the condition of not being able to have all of the goods, services, or productive 
resources that you want. Trees are scarce because people value them and want them, but there 
are not enough to satisfy all the wants. Because trees are scarce, people must make choices 
about how to use them. 

• Price: the amount people pay to buy a good, service, or productive resource. Differences in 
market prices reflect differences in relative scarcity. Items which are very valuable and scarce 
cost more than those which are not. 

Teaching Procedure: 

1 . Give the skit cards to four students who want to present the brief skit to the class. Let 
these students plan and prepare the skit. (You may want to let groups of four students 
perform the skit to each other.) 

2. After the skit, ask the class questions from the "Key Questions to Ask Students" section. 
4. Let students ask their own questions based on information in the skit. 

Teaching Tips: 

1 . Some students may want to make tree costumes. 

2. You can divide the class into teams, and have a "Jeopardy" type of contest using 
information from the skit. 
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Key Questions to Ask Students: 



1 . How are all these trees alike? How are they different? (Answers will vary.) 

2. In what ways are these trees valuable? (For wood products, habitat for animals, shade and 
beauty, etc.) 

3 . What are some of the scarce goods that come from each of these trees? (Answers will 
vary.) 

4. What is the "clue " that lets consumers know how scarce a good or service is? (The price 
consumers pay. Items that are more valuable and relatively more scarce typically cost 
more.) 

5 What are some specific characteristics of high quality wood that make it more scarce and 
valuable than low quality wood? (Color, hardness, absence of knots, straightness, etc.) 

Bulletin Board Ideas: 

1 . Make Bulletin Board Trees using leaves representing the four different trees. Label the 
trees with the appropriate characteristics. 

Student Journal Ideas: 

1 . Research different trees and write a story about yourself as if you were the tree. 

2. Cut out pictures of homes that are well landscaped with trees and those that are not. Write 
about the differences in the beauty and economic value of the homes. Why are certain 
types of trees planted in certain places? (Shade, wind break, etc.) 
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SKIT CARDS 



BLACK WALNUT TREE 

I am one of America's most valuable trees. 

At one time even stumps of walnut trees were sold. I became very scarce and I cost a lot of 
money. 

My wood is hard, heavy, and a beautiful dark brown color. It is used for expensive furniture and 

fine items because it can have a glossy polish. 
I may grow to be 80 feet tall in the woods. 
I have dark brown, rough bark and beautiful, long compound leaves. 
My leaves have a strong smell if you crush them in your hand. 
My nuts fall in the autumn. The squirrels like them, as well as people. 
The juice will stain your hands. Squirrels who eat through the husk end up with a stained 

mouth! 



ASPEN TREE 

In our family there are three of us: the LARGETOOTH ASPEN, the QUAKING ASPEN, and 

the BALSAM POPLAR. 
The largetooth and quaking aspen grow on uplands, even on sandy land. 
We take very good care of the land because we grow quickly over land that has been burned. We 

hold the soil so it does not erode when it rains. 
We can grow new trees from our roots so a fire cannot kill us. 
Our seeds h?ve long hair-like threads which the wind can carry over a long distance. 
We do not live very long, but remember, we grow fast. 
The largetooth aspen has larger teeth on the leaves. 

The quaking aspen leaves flutter in the breeze and make a soft rustling sound. 

The quaking aspen is found over a larger area of North America than any other tree. 

Because our wood is not as valuable and scarce as other woods, it is used for paper pulp, boxes, 

crates, and packing materials. 
Our wood is very light and decays easily when put in the soil, which helps when it is discarded or 

put in landfills. . 

The balsam poplar likes to live by swamps and in moist soil of all kinds. 
I can grow to 75 feet tall. 

My trunK is straight and sometimes is three feet in diameter. 
My wood is used for floors in barns and stables. 
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SUGAR MAPLE TREE 



Although I grow very slowly, I have a straight trunk that can reach 50 feet or more. 
I am called sugar maple because my sap carries a lot of sugar in the spring. 
I am asked to share some sap every year so that people can have maple syrup on their food and 
maple sugar to eat. 

People bore holes into my trunk and put little spouts in the holes. My sap drips into a bucket 
hung on the spout. This sap is boiled to make maple syrup and boiled more to make 
maple sugar. 

I can share my sap every year if people are careful. 

My wood is also very valuable. It is used for hardwood floors, furniture, and baskets. 
My wood makes excellent firewood, too. 

I grow in parks and upland woods. I can even grow in the shade under other trees. 

I do not like the ground too wet or too dry. 

Animals live in my branches, and I help reduce soil erosion. 

I am a wonderful shade tree, and I make people's homes much more beautiful and valuable. 
All in all, I am one of the finest trees! 



TULIP TREE 

I am the state tree of Indiana. 
I grow very tall and straight. 

Some of us have even grown as high as 200 feet and were 8-10 feet in diameter! 

My buds are reddish-blue and look like a beaver's tail until they open. 

My flower is very showy and looks like a magnolia. 

I am found in upland woods, large parks, and moist woodlands. 

My leaves are shiny green and turn yellow in the autumn. They look like a tulip from the side. 

No other leaf is like mine. 
My wood is valuable. It is used for woodwork inside homes, furniture, shingles, and boats. 
I provide a home for animals and help reduce soil erosion. 

I am a wonderful shade tree, and I help make people's homes more beautiful and valuable. 
Although most of us were cut when settlers first came, we have come back to become one of the 

most abundant trees in Indiana. 
I am proud to be the state tree of Indiana. 
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Activity 3 



Forests and Forest Products 



Teaching Objectives: After completing this activity, students will be able to: 



1. 
2. 
3. 



Identify a variety of forest products. 

Explain that there are many competing uses for wood. 

Identify the opportunity cost of particular choices involving wood use. 



Time Allowed: 



30 — 45 minutes 



Materials: 



Class list for each student 

"What We Get From Trees" 

"Our Valuable Forest Products" worksheet 



Vocabulary/Concepts: 

• Forest Products, the large variety of goods produced from forests, including lumber, 
plywood, furniture, nuts, syrup, adhesives, mulches, inks, fertilizers, etc. 

• Opportunity Cost: the single most valuable opportunity given up when a choice is made. 
Every producer ard consumer economic decision has an opportunity cost. 

• Productive Resources: The inputs (natural, human, and capital) needed to produce goods and 
services. 

Teaching Procedure: 

1 . Write the word "forest" on the board. Ask students to identify what they think of when 
they think of forests. Record student responses using a concept map. 

2. Circle the responses on the concept map that name forest products (lumber, furniture, 
syrup, nuts, logs, paper, etc.). Discuss how these products benefit our homes and 
communities. 

3. Pass out a class list with blank lines next to each name. Ask students to write the name of 
a forest product beside their name. 

4. Give students about 15 minutes to move quietly around the classroom and get each 
classmate to write a product next to his or her name. The name of a product may only be 
used once. If the paper a student is signing already has his or her product on it, the 
students must write another product. 

5. The students now have a list of forest products. How many more can they identify that 
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have not been mentioned? This list can be put on a chart or on the board. (Use the "What 
We Get from Our Trees" handout for additional examples of forest products.) 

6. Identify a forest product, such as furniture. Discuss all the productive resources that are 
needed to make the product. (Human resources such as lumbermen and foresters, and 
capital resources, such as chainsaws, factory equipment, etc.) 

7. Review the concept of opportunity cost. Discuss the opportunity cost of using some 
wood to produce a piece of furniture (the next best use of that wood, that is, what the 
wood would have been used for if it had not been used for furniture). 

8. Have students complete the "Our Valuable Forest Products" worksheet. 
Teaching Tips: 

1 . Save the Concept Map and Student Product Lists to use in the next activity. 
Key Questions to Ask Students: 

1 . How are forest products valuable and beneficial to you and your community? (They 
make our lives easier and more enjoyable, provide jobs and income for people, etc.) 

2. What kind of productive resource is wood? (A natural resource.) 

3. Why are all forest products "scarce? " (They are not freely available at a zero price. They 
all command a price in the marketplace.) 

4. What is the opportunity cost of using a tree for lumber? (The next best alternative use of 
the tree.) 

5. What are some of the other uses for our forests besides forest products? (Habitat for 
animals, recreation, source of oxygen, watershed protection, scenic beauty, etc.) 

Bulletin Board Ideas: 

1 . Label pictures of common and unique forest products; or create a display of actual 
products. 

2. Display student poems or essays about trees and forests. 
Student Journal Ideas: 

1 . Write a paragraph on "How forests are important to me." 

2. Identify forest products used in my home. 

3. Draw a picture of a furniture producer having to decide to use a particular piece of wood 
to make a table or a cabinet. Show the opportunity cost of the decision. Write a short 
description of the picture. 

4. Draw certain forest products. List the productive resources needed to produce these 
products. 




1. 



Our Valuable Forest Products 



In the space below draw a picture of a forest product. Below the product, list some of the 
productive resources needed to produce it. 



Natural Resources Human Resources Capital Resources 



2. Below are pictures of two forest products. 




a. Which of these is scarce? the pencil the table the pencil and the table 

b. Which of these is more scarce? the pencil the table 

c. How do you know which is relatively more scarce? 



3. Our forests have many othw valuable uses besides forest products. In the blanks below, 
list at least four other uses of our forests. 

a. b. 

c. d. 



4. A tree farmer decided to use one of his trees for firewood instead of selling it for lumber. 
What was his opportunity cost of using the tree for firewood? 
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What We Get from Trees 

Nuts and fruits 

Foliage — (Oils, Extract, Decorations) 
Sap — (Syrup blend, Sugar, Syrup) 
Bark — (Drugs, Dye, Oils, Tannin, Mulches) 
Stumps — (Veneer, Distillates: Charcoal, Pine oil, Pitch, Tar oil, Wood resin, Wood tar, Wood turpentine) 
Roots — (Smoking pipes, Tea, Oil) 

Gums — (Storax: Adhesives, Chewing gum, Flavoring extracts, Ointments, Perfumes) 
Hapten — (Solvent, Standard for octane rating) 
Balsam — (Drugs, Glass cement, Spirit varnishes) 
Spruce — (Chewing gum, Confections, Drugs) 

Resins — (Gum turpentine: Cleaning fluids, Crayons, Explosives, Floor polish, Greases and oils, Insecticides, 
Paints, Stains, Varnishes, Shoe polish, Soaps, Synthetic camphor, Waxes, Wood filters) 

(Gum Resin: Ceramic enamels, Disinfectants, Drugs, Electrical insulation, Fireworks and explosives, 
Greases, Leather dressings, Paint driers, Printing ink, Soaps, Solder flux, Waxes) 

Charcoal, Dye, Fuel, Tannin 

Distillates — (Oils, Acetate of lime, Acetic acid, Charcoal, Tar, Wood alcohol, Wood creosote) 
Lignin — (Plastics, Road building materials, Soil conditioner, Tanning materials) 

Cellulose — (Fiber products: Paper, Pulp and paper products, Fiberboard and other examples too obvious and too 
long to list) 

Chemical products — (Artificial hair and bristles, Cellophane, Celluloid, Collodion, Explosives, Imitation leather, 
Molded plastics, Phonograph records, Photo films, Rayon, Sausage cases. Shatterproof glass, Solid 
alcohol, Sponges) 

Logs — (Lumber, Residues, Ties, Veneer, Posts, Poles, Piling and other examples too obvious and too long to 
list) 




85 

84 



Activity 4 



Forest Benefits and Conflicting Goals 



Teaching Objectives: After completing this activity, students will be able to: 



1. 

2. 
3/ 



Time Allowed: 



Identify different benefits of our forests. 

Identify conflicts that arise in managing forests. 

Identify opportunity costs and trade-offs in forest management. 



• 30 minutes 




Materials: 



• Chalkboard or Overhead Projector 



Vocabulary/Concepts: 

• Forest Conservation: using forests for social and economic benefits, without destroying their 
use for future generations. 

• Forest Preservation: restricting any commercial activity in a forest so that forests can be 
passed on to future generations in a natural state. 

• Watershed: any given area of land which drains or sheds water to the same point. 

• Multiple-use: using forests for more than one thing at a time. Recreation and wildlife are two 
uses that can work well together. 

• Habitat: the native environment of a plant or animal. 

• National Forests: "working forests" established by the federal government to ensure a 
continual supply of wood. 

• Opportunity Cost: what you give up to get something; the value of one's next best alternative 
when making a decision. Every producer and consumer economic decision has an opportunity 



• Trade-off: giving up some of one thing in order to get some of another. 
Teaching Procedure: 

1. Write the word "forests" on the board or overhead. Ask students to identify specific 
benefits of our forests. Record these in the form of a concept map. 

2. Write the following general categories of forest benefits/goals on the board: Forest 
Products, Recreation, Wildlife Habitat, Watershed Protection, and Source of 



cost. 
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Oxygen. Have individual students come to the board and categorize one of the specific 
benefits under these general categories. Continue until all words are categorized. 



3. Explain how some of these forest benefits can result in conflicts about how to use and 
manage forests. For example, how could obtaining forest products conflict with protecting 
wildlife habitat or using forests for recreation? 

4. Conduct a class "debate," letting students role-play representatives from interested parties 
(lumber company owner, nature park guide, hunter, etc.) who want to have a say in how a 
certain price of forestland should be managed. 

5. Explain how careful forest management helps minimize the conflict among various forest 
benefits/goals. (Review pages 63-65.) 

6. Have students write a paragraph on what they would do to manage their own tree farm to 
minimize the conflict among the general forest benefits/goals. 

Key Questions to Ask Students: 

1 . Suppose Mr. Jones decides to use his forestland to open a campground instead of using it 
for lumber. What is his opportunity cost? (Giving up the benefits of using the forest for 
lumber.) What is his opportunity cost if he decides to use the forest land for lumber? 
(Giving up the benefits of using the forestland as a campground.) 

2. Mrs. Smith decides not to cut down and sell all the trees on her tree farm so that the 
animals will have places to live. What trade-off is she making? (She is trading off the 
monetary benefits of cutting more wood for better protection of wildlife habitat.) 

3 . Why do we have to make choices about how to use our forests? (Forestland, like other 
natural resources, is a scarce resource. There are not enough forests to satisfy all of our 
wants; thus, we have to choose how to use them. 

4. In what ways can cutting down some trees in a forest help the forest grow and help in 
other ways? (Selective harvests help remaining trees become more healthy and vigorous, 
thereby producing more oxygen; forests with some clear openings generally produce 
better wildlife habitat; logging roads used to access harvested trees can later help 
recreationists gain access to parts of the forest that otherwise would not be accessible.) 

5. At Oakdale School six large oak trees are in the way of a new softball/kickball field the 
students want. Should the trees be removed? What are the opportunity costs and the 
trade-offs? 

Bulletin Board Ideas: 

1 . Display the five different forest benefits/goals, then cut out and categorize pictures under 
them. 

Student Journal Ideas: 

1 . List and define the vocabulary words in this activity. 

2. Explain the difference between forest conservation and forest preservation. 



Activity 5 

Forest Economics 

Teaching Objectives: After completing this activity, students will be able to: 

1 . Identify the three basic productive resources. 

2. Identify productive resources necessary to manage a tree farm. 

3. Predict changes in the market price of wood given changes in supply or demand. 

Time Allowed: • 30 minutes 

Materials: • "Forest Economics" worksheet 

Vocabulary/Concepts: 

• Productive Resources: the inputs (natural, human, and capital) needed to produce goods and 
services. 

• Market Price: price of a good, service, or productive resource as determined by its supply 
and demand in the marketplace. If other things do not change, an increase in supply or a 
decrease in demand will cause the market price to fall; a decrease in supply or an increase in 
demand will cause the market price to rise. 

Teaching Procedure: 

1 . Explain/discuss productive resources. Ask students to identify the productive resources 
needed to produce a chair or table. Write these on the board. 

2. Discuss market price. Explain that the market price is a reflection of how scarce a good 
or service is compared to other goods and services. Goods and services that are relatively 
more scarce have higher prices than those that are less scarce. 

3. Explain how changes in supply and demand can cause changes in the prices of goods or 
services. 

4. Have students complete the Forest Economics worksheet. Discuss answers. 
Teaching Tips: 

1 . Some students may want to know what causes changes in supply and demand. The 

primary factor that influences supply is a change in production costs. Factors that change 
demand are changes in income, prices of substitutes or complements, population size, or 
consumer tastes. 

Student Journal Ideas: 

1 . Categorize the productive resources needed to produce other goods or services. 
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Forest Economics 



1 . Suppose you own a tree farm. You want to make money from your farm by selling timber, 
but you also want to protect wildlife habitats, the watershed, and recreational activities, 
such as hunting, camping, and fishing. List some of the productive resources you would 
need to manage your tree farm effectively. 

Natural Resource s Human Resources Capital Resources 



2. Describe some things you could do to make sure that your timber harvesting does not hurt 
wildlife, cause soil erosion, or ruin recreation activities? 



3. In the following situations, will the market price for wood increase or decrease! Circle 
the correct response. 

a. The wood supply does not change, but wood demand increases. 

The market price will increase or decrease 

b. The wood demand does not change, but wood supply increases. 

The market price will increase or decrease 

c. The wood supply does not change, but the wood demand decreases. 

The market price will increase or decrease 

d. The wood demand does not change, but the wood supply decreases. 

The market price will increase or decrease 

4. Discuss with your teacher what could cause changes in supply and 
demand. 
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Activity 6 

Conducting a Forest Survey 
Teaching Objective: After completing this activity, students will be able to: 

1 . Conduct a survey to gather data about forests. 

2. Tabulate, graph, and interpret data collected from a survey. 

Time Allowed: • Three 45-minute periods 

Materials: • 10 Survey forms for each student 

• One "Forest Survey Final Data Sheet" for each student 

Teaching Procedure: 

1. Each student interviews ten different people using the survey form. (Interview two people 
from each age group.) Compile the data on a "Final Data Sheet/' showing how those from 
each age group responded to the questions. Note: Some correct survey responses are. 
2a. and 2b. Private individuals 3. Federal 4. Increasing 8. United States 9. 35 percent. 

2. Students then write a paragraph explaining whether they agree or disagree with the 
general opinions of the survey respondents. 

3. Compile the data from the entire class. Put this data in various graphic forms. Analyze and 
discuss the data, answering these types of questions: 

a. Did responses vary depending on the age of the respondent? 

b. On which question did respondents agree most? least? 

c. Do you feel that this survey gave an accurate view about how people feel about 
forests? Why or why not? 

d. What could be done to make any survey more accurate? (Interview more people.) 
Wfiat are the trade-offs of interviewing more people? (More accurate, Hut more 
costly, especially in terms of time!) 

e. In general how knowledgeable were respondents on the subject of forests? 
f How could this level of knowledge be improved? 

g. Would responses vary if respondents worked in the forest products industry? 

4. Have students write a report describing the entire survey project. 
Bulletin Board Ideas 

1 . Create a bulletin board entitled "Our Survey Results" Display the graphs and charts 
generated from the suivey data. 

V 
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Forest Survey Form 



Person Number # _ 

Occupation 

Male Female 



Age 7-12 13-20 


21-35 


36-50 


Over 50 




1. How important are our forest 
resources to our country? 


Very 

Important 


Somewhat 
Important 


Not Very 
Important 




2 a. Commercial timber land is 
forestland that is available 
for growing and harvesting 
trees. In the United States, 
who owns most of this land? 


Government 


Forest 
Industry 


Private 
Individuals 




2 b. In Indiana, who owns 
most of this land? 


Government 


Forest 
Industry 


Private 
Individuals 




3 . Which level of government 
plays the largest role in 

mano Diner iv?Vilir» finr^ctlntiH*? 

lllCUla£JJU)t fr%MJlX\* l\Jl VSlliUlU I 


Federal 


State 


Local 




4. Are forest and timber 
resources in the United 
States declining, staying about 
the same, or increasing? 


Declining 


Staying 
About the 
Same 


Increasing 




5. "Wilderness" is land set 
aside for noncommercial use, 
where there are no roads, 
permanent buildings, etc. 
Should the T Inited States set 
aside more wilderness areas? 


Yes 


Maybe 


No 




6 Should the United States 
set aside more wilderness 
areas if it means higher prices 
for wood products and other 
natural resources and the loss of 
jobs for some timber workers? 


Yes 


!▼ my 


No 




7. Can forestland that is used for 

timber harvesting still offer adequate 
protection for wildlife habitats? 


Yes 


Maybe 


No 




8. The world's largest producer 
of forest products is: 


United States 


Russia 


Canada 




9. The United States currently (1 993) 5°/o 
recycles about what percentage of its paper? 


15% 


25% 


35% 
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Forest Survey Final Data Sheet 


Survey 


Respondent Age 


Question 


7-12 


13-20 


21-35 


36-50 


Over 50 


1. Very Important 
Somewhat Important 
Not Very Important 












2a. Government 
Forest Industry 
Private Individuals 












2b. Government 
Forest Industry 
Private Individuals 












3. Federal 
State 
Local 












4. Declining 
Staying Same 
Increasing 












5. Yes 
Maybe 
No 










< 


6. Yes 
Maybe 
No 












7. Yes 
Maybe 
No 












O. UllllCU OlalCo 

Russia 
Canada 












9. 5% 
15% 
25% 
35% 
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Making Recycled Paper 



Activity 7 




Teaching Objectives: After completing this activity, students will be able to: 

1 . Make recycled paper. 

2. Identify reasons for recycling paper. 

3 . Identify resources that are conserved by recycling. 

4. Identify the costs associated with recycling. 

Time Allowed: • 40 — 60 minutes 

Materials • Each group of five or six students will need: 

• bucket or large bowl • egg beater, hand mixer, or blender 

• newspaper • nonrusting window screen 

• rolling pin • flat pan a little larger than the screen 

• dry or liquid starch • hot water 

Vocabulary: 

• Softwood: wood from conifer (cone-bearing) trees, called evergreens. 

• Wood fiber: a threadlike part of the tissue of a tree. 

• Recycle: to use again in the same or different way. 
Teaching Procedure: 

1 . Tear the newspaper into very small pieces and put in the bowl. Pour in hot water (2 cups 
of water to 1/2 cup of shredded paper). Let soak for a few minutes. 

2. Beat the paper and water to make pulp until the mixture is the consistency of cooked 
oatmeal. Add one tablespoon of dry or liquid starch and mix well. The starch helps hold 
the paper together. 

3. Pour the mixture into the flat pan. Slide the screen into the bottom of the pan and allow 
the pulp to settle onto it. 

4. Lift the screen out carefully. Let drain for a minute. Place the screen between some 
newspaper. Squeeze out the rest of the water using the rolling pin. Repeat if necessary. 

5. Remove the screen and allow to dry. Peel the new paper off the screen. It will probably 
look more like gray cardboard, but it is recycled paper! 
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Teaching Tips: 

1 . Try letting different groups use different types of paper, including notebook paper, slick 
paper, cardboard, and construction paper. . 

2. You can use an embroidery hoop to hold the screen. 

3. To make white paper add, detergent. To make colored paper, add food coloring or scraps 
of construction paper. 

4. Use magnifying lens and/or a microscope to compare the fibers of the recycled paper and 
other kinds of paper. 

Key Questions to Ask Students: 

1 . What productive resources did we use to make the recycled paper? (Natural resources/ 
raw materials — water, old paper, starch; human resources — ourselves; capital resources 
— bucket, rolling pin, egg beater, screen, pan.) 

2. Why are these resources considered "scarce? " (They are not freely available in unlimited 
quantities.) 

3 . Do we save trees when we recycle? (Fewer trees have to be cut down if we recycle. 
However, much wood pulp is waste from wood product manufacturing, and the trees used 
for paper are typically grown on tree farms and are harvested like any other crop. There is 
not a static, fixed supply of wood. If consumers want more paper products, and the 
demand for paper, therefore, increases, then tree farmers will grow more trees. Perhaps 
the greatest advantage of recycling paper is the reduced amount going into landfills. This 
means less spent on expensive tipping fees.) 

4. Why don 7 we recycle all types of paper, like paper napkins or tissue paper? (The benefits 
of doing so would be too small relative to the expense of collecting and processing these 
types. Also, paper towels, napkins, and tissue paper are not recycled because of harmful 
bacteria.) 

Bulletin Board Ideas: 

1. Display the handmade paper on a bulletin board that encourages students to recycle waste 
paper from their school. 

2. Press the damp paper over forms made by students and display the resulting "sculptures." 
Student Journal Ideas: 

1. Write a paragraph on the recycled paper describing how you made recycled paper. 

2. Create a bumper sticker promoting recycling. 

3. Write a letter to the editor of your local paper giving your reasons for recycling paper and 
buying recycled paper. 



93 94 




Activity 8 

Further Explorations 

1 . Research job specialization in forest management, such as botanist, ecologist, forester, 
land use planner, naturalist, park administrator, recreation specialist, timber manager, 
wildlife biologist Find out such things as: What education/training is required? How many 
job openings are there? How much is the pay? What are the other benefits? 

2. Visit a tree farm and a nature preserve. Observe and note the different types of 
management practices and prepare a report for your class. 

3. Design a conservation area on your school grounds. Investigate the types of trees that 
would grow best and the type of care they would need. Research the economic value of 
the trees. Could the trees be sold to provide funds for the school in later years? What 
other benefits might the school get from the trees? Who would care for this area when 
your class graduates? 

4. Identify Indiana forests on a state map. Color code the forests to identify which are owned 
by the government and which are privately owned. Who owns the most acreage? 

5. Visit a paper recycling plant. Find out how you can save paper and where it goes when 
you recycle it. Does your school buy recycled paper? Does your school recycle it? What 
kind of paper can be recycled at the plant? What economic problems with supply and 
demand does the recycling plant face? What productive resources are saved by recycling 
paper? 

6. Investigate a paper manufacturer. What products do they produce? Is their product made 
wholly or partially from recycled paper? Does cost enter into this decision? How many 
times can wood fiber be recycled? 

7. Write a report about buying a cut tree for Christmas or purchasing a balled tree that can 
be planted later. What are some of the reasons many people purchase an artificial tree? 
What happens to the old artificial tree when the family decides to get a different artificial 
tree? 

8. Indiana is known for hardwood trees. What are some different kinds of hardwood trees, 
and how are they used? How old are the trees when they are cut? Why? How do 
hardwood trees benefit the Indiana Economy? 

9. Research the ways that trees add value to private residences. Ask a local real estate agent 
or nursery owner for information. 
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10. Identify wildlife that live in the woods, tree farm, or nature preserves nearest your home. 
Where does the wildlife live? What do they eat? Are any considered a nuisance? 

1 1 . Research the spotted owl controversy in the Pacific Northwest. What are the "trade-offs" 
involved in this controversy? 

12. Compare and contrast National Forests, National Parks, Wilderness Areas, Nature 
Preserves, and Tree Farms. 

13. Suppose an acre of wooded land will produce a certain amount of timber per year. The 
trees may be small or large. Which would be most profitable: thinning the trees or letting 
them grow naturally? Why? 

14. Find magazine or newspaper articles about trees. Do you agree or disagree with the 
position of the author? 

15. We have had many forest fires. Are there reasons to let the forest burn? Why or why not? 
What would you do if you were the manager of a forest in Indiana that caught fire from a 
careless camper? 

16. New technologies, such as wood gasification, are now available for using wood to heat 
homes and schools very efficiently. Investigate these new technologies. Should they be 
used more? 

17. New, fast growing "super trees" are being developed. Investigate these new trees. What 
promise do they hold for the future? 

18. Research different tree-harvesting methods, including clear-cutting, seed tree selection, 
and selective cutting. 

19. Investigate how trees help conserve energy in urban areas. 

20. Research how much it costs timber companies to harvest trees on public lands. Do 
companies receive subsidies from the government, or do harvesting fees reflect the true 
benefits of being allowed to harvest trees? 
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Activity 9 

Let's Talk it Over 

Teaching suggestions: Discuss the challenging (and sometimes controversial!) 
statements and questions below with your students. Help the students think critically by applying 
the concepts learned in this unit. Be prepared for some lively discussion. 

1 . In the Pacific Northwest the federal government is not letting logging companies cut as 
much wood as before. The reason is to protect the habitat of the spotted owl. As a result 
of this policy, many loggers have lost their jobs and are having difficulty getting new jobs. 
Their families are suffering. Do you agree with the government policy? What would you 
do? 

2. Clear-cutting means cutting all the trees from an area, and then replanting them all at once. 
What are the advantages and disadvantages of clear-cutting? Should clear-cutting be 
allowed? Why or why not? 

3. "Recycling saves our forests from destruction." Do you agree or disagree with this 
statement? Explain. 

4. Do you think the government should require all people and businesses to recycle paper, no 
matter where they live? Discuss this with your classmates. 

5. "Cutting down some trees in a forest can be helpful for the other trees." True or False? 
Explain your answer. 

6. To help the United States import less oil from other countries, do you think the 
government should encourage people to use wood to heat their homes? 

7. "The government should set aside more wilderness preservation areas, where no 
commercial activity is allowed, even if this means higher prices for wood products." Do 
you agree or disagree? Explain. 

8. "If there is any risk at all that an animal species could be harmed by timber harvesting, do 
you think the harvesting should be stopped?" Why or why not? Defend your position. 

9. "To promote the use of renewable resources, schools should investigate other heating 
choices, such as burning wood." Do you agree or disagree? Explain why. 

10. "There should be no timber cutting at all in our national forests " Do you agree or 
disagree? Explain your position. ^ 

1 1 . "Local taxes should be increased to pay for tree plantings in cities and communities " 
Agree or disagree? 

96 



ERLC 



Activity 10 

EEE Actions: You Can Make A Difference! 

1 . Plant at least one tree at your home or in your community. 

2. Recycle all your newspapers and junk mail. 

3. Reuse items as much as possible. For example, use old newspapers for painting or pet 
cages and use junk mail envelopes for storing photographs or notes. 

4. When practical, write on both sides of the paper. 

5. Invite a relative or friend who is knowledgeable about trees or forests to visit your 
classroom and share his or her expertise. 

6. Visit a forest, tree farm, or nature preserve with your family. 

7. Take a younger child by the hand and help him/her enjoy the trees as ipuch as you do. Be 
ready to listen to the young child. He/she may show you some things you did not notice. 

8. Consider paying a little more for recycled paper. Help "close the circle" on recycled paper. 

9. Don't plant large trees near electric lines. Plant trees elsewhere, or plant dwarf trees 
instead. 

1 0. List ways that you can inform friends, relatives, and others in the community about what 
you learned about forests. Put some of these plans into action. 

11. What have you learned about trees and forests that surprised you during this study? Will 
you change your habits or beliefs because of what you have learned? Will you try to 
persuade others to believe the way you do? 
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Activity 11 

The Case of the Class Field Trip 
Teaching Objectives: After completing this activity, students will be able to: 

1. Analyze a problem using a decision model. 

2. Understand that decisions involve trade-offs among competing goals. 
Time Allowed: • 30 minutes 

Materials: • Scenario — The Case of the Class Field Trip 

• Decision Tree or Decision Grid Handouts (pgs 19-21) 

Vocabulary: 

• Opportunity Cost: what you give up to get something; the value of one's next best 
alternative when making a decision. 

• Trade-offs: giving up some of one thing in order to get some of another. 
Teaching Procedure: 

1 . Divide the class into groups, or work together as a large group. Pass out "The Case of 
the Class Field Trip." 

2. Use the Decision Tree or Five Step Model to solve the case study. Have students present 
and discuss their decisions. 

3. Discuss student responses to the questions below the case study. 
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Case Study 

The Case of the Class Field Trip 
Student Directions: 

1 . Read the case study below and determine what decision the class should make. Use the 
Decision Tree to help you decide. 

2. After you have made a decision, then answer the questions below. 



Scenario 



*1 



^^^^|Si||||||^pi||^ been studying about trees and forests all year. The class ' 
Wi^^^^^^^^^^, it has just received a special invitation from the- Forest Se||§|§§ 
W^^^^^BS^^^^ 50 miles away. Foresters will camp overnight 
?: : ';t ;:; #a#l|i^^ activities to teach the students more about trees and forests. There 

hiking, and sports activities. The two-day field trip, inckding 

Jllll^ 

^However, the camping trip has created a difficult problem. The class had been planning to help 
t|j|||| an outdoor laboratory for the school, complete with pond, bushes, and a forested area. 
;;||<te>f the student's p*rents, a landscape planner, has just found out that he can get 20 g(?||| 



lilli 



The class has saved $400 by doing various business projects and fond raisers. How should the 
jj : :| J|l||||nd the money? Should they go on the trip and enjoy learning about th|ii^lir- 
should they spend the money on trees for the outdoor lab that people will enjoy for years? 



mmM ... . 



Questions: 

1 . What is the scarcity problem in this case study? 



2. What is the opportunity cost of your decision? 



3. Does every decision have an opportunity cost 7 Explain. 



4. What were the trade-offs in this case study? 
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Answers to Selected Questions in Teaching Activities 



Activity 1: 1 . Trees in our community. 2. Answers will vary. 3. Disease resistant, fruit bearing, 
specific size or shape, fast-growing, special fall color, attractive berries, attractive patterns 
in wood, etc. 

Activity 3: Our Valuable Forest Products — 1 . Answers will vary. 2a. both the crate and the 
table. 2b. the table 2c. It costs more. 3. Source of oxygen, wildlife habitat, recreation, 
watershed protection. 4. The opportunity cost is giving up the benefits of selling it as 
lumber. 

Activity 5: Forest Economies — 1. Natural: water, sun, soil, fertilizer, etc. Human: biologist, 
forest manager, wildlife specialist, lumberman, trucker, etc. Capital, chainsaws, trucks, 
chains, ax, bird feeders, campfire grills, etc. 2. Leave trees and shrubs standing for wildlife, 
avoid exessive cutting to guard against erosion, build special areas for camping and hiking, 
etc. 3a. increase 3b. decrease 3c. decrease 3d. increase. 

Activity 11 — Case Study: Students will have differing opinions on which is the best choice. It 
depends on the weight they attach to the criteria. 



Decision Tree Model: Choice 1 — Go on Trip: Good Points : Fun activities, not expensive, 
will learn aboui forests. Bad Points : Only lasts two days, doesn't help school. Choice 
2 — Lab: Good Points : helps school, good price on trees. Bad Points : Not as much fun 



Decision-Making Grid Answer Key 
The Case of the Class Field Trip 


Criteria 


Alternatives 


Fun 


Helps School 


Long Run 
Effect 


Learn About 
Forests 


Go on Trip 


+ 






+ 


Trees for Lab 




+ 


+ 





Questions: 1 . The scarcity problem is not having enough money to fund the field trip and 

purchase trees for the outdoor lab. 2. The opportunity cost jf the field trip was giving up 
the tree purchase; the opportunity cost of the tree purchase was giving up the field trip. 
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Overview of Unit 3 



Water Resources 

Introduction: 

In this unit, students investigate our valuable water resources. Students learn how our water 
resources can become polluted and investigate the costs involved in cleanup. Students also learn 
that it is impossible to have perfectly clean water, and that to some extent, all water is "polluted. 
Students discover that the cost of getting our water cleaner and cleaner eventually becomes 
prohibitive. At that point, it is better to use our scarce productive resources for some other 
valuable purpose. 



Learning Objectives: 

After completing this unit students will be able to : 



1 . Understand basic facts about water resources. 

2. Identify ways that water resources become polluted. 

3 . Identify some of the costs involved in cleaning up water resources. 

4. Explain why insisting on zero pollution is not wise public policy. 

Unit Outline: 



I. 

n. 
m. 



Facts About Water Resources 

Teaching Instructions and Key Concepts to Emphasize 

Specific Teaching Activities 

A. The Water Cycle: Along for the Ride! 

B. Can Water Be Hard? 

C. Does Clean Mean Pristine? 

D. Decision Time in Bonedry, California 5 

E. Is Cleaning Hazardous To Your Health? 

F . F urther Explorations 

G. Let's Talk It Over l \ 

H. EEE Actions — You Can Make a Difference! 

I. Case Study — "The Off-Course Golf Course' 




IV. Answers to Selected Teaching Activities 
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Facts About Water Resources 



Introduction 

Water resources are perhaps our most important natural resource. Without water, life on earth as 
we know it would cease. During the past several decades, there has been a growing concern in the 
United States about the proper management of our vital water resources. Water pollution has 
been a major problem, and recently, certain regions have experienced water shortages. Water 
resource management will continue to be an important public policy issue. Wise public policy 
requires citizens and decisionmakers who are knowledgeable about our water resources and who 
have a grasp of basic economic principles. 

Basic Information 

WATER, WATER, EVERYWHERE: Water is certainly a remarkable substance. In addition to 
being necessary for life itself, water transports people, goods, and waste; defines political 
boundaries; cools industrial equipment; irrigates crops; provides electricity and recreation; plays a 
major role in determining the weather; and is the "universal solvent." 

Given water's importance, it is fortunate that it is so abundant. Indeed, four-fifths of the world's 
surface is covered with water, and scientists estimate that the total water supply is 396 billion 
billion gallons! Not all this water is usable, since 97 percent is salty ocean water. Another two 
percent is stored in glaciers and ice caps. In fact, only 0.8 percent of all the earth's water is fresh 
water that is immediately available for human use. This amount is a fixed supply and is all that we 
will ever have. 

FRESH WATER AVAILABILITY: The fresh water that is available for human use exists 
primarily as surface water or ground water. Surface water is water that we can see. There are 
five basic categories of surface water: rivers and streams, lakes, oceans, estuaries, and wetlands. 

* Rivers and streams often begin as fresh springs in mountain areas. The springs turn 
into streams and then into rivers. Some rivers, such as the Mississippi, start from 
ground water sources. Springs are the natural discharge of ground water to the 
surface. 

* Lakes are bodies of water surrounded by a larger land mass. Lakes change as they 
age, primarily by accumulating sediment from surrounding land areas. 

* Oceans are large bodies of salt water that cover 66 percent of the earth surface. 

* Estuaries form where rivers meet oceans. Estuaries are valuable because they are 
places where many aquatic species breed and live. 

* Wetlands are low lying areas that are periodically covered with shallow water. 
Wetlands preserve and protect ground water quality, help control flooding, and are a 
breeding ground for many species of wildlife. 
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Ground water is stored underground. Its importance is illustrated by its volume — over 30 times 
greater than the volume of rivers, streams, and lakes. Most people believe groundwater exists in 
underground caves. In fact, most ground water is contained in aquifers, porous underground 
areas containing sand or loosely packed granular materials. The size of the material determines the 
storage capacity of the aquifer (porosity) and its ability to transmit ground water (permeability). 
Ground water flow can vary from several feet a day to only inches per year. Aquifers may be near 
the surface or deep underground. They may be shallow formations or may be thousands of feet 
thick. About one-fourth of all the fresh water used in the United States (one-half of the drinking 
water) comes from underground sources. Nearly 60 percent of Indiana's population uses ground 
water for drinking water. 

THE WATER CYCLE . The amount of water available for human use is being replenished 
constantly through the water cycle. Water evaporates into the atmosphere in the form of water 
vapor. Only pure water evaporates — solids, impurities, and salts remain behind. Eventually the 
water vapor cools and falls as fresh water, usually as rain or snow. Most water falls into the 
oceans. The water that falls on land surfaces either flows into streams and rivers, eventually 
reaching the oceans, or seeps into the ground and replenishes the groundwater supply. Ground 
water and surface water interact in the water cycle, as ground water partially recharges rivers, 
streams, lakes, and oceans. The water cycle is a never ending process that continually renews the 
fresh water of the earth. 

WATER DISTRIBUTION: One of the unique 
features about fresh water availability is its 
uneven distribution. In some countries and in 
some parts of the United States, there is an 
abundant per capita water supply In other areas, 
water is much more scarce. However, human 
population doesn't necessarily correlate with 
fresh water availability. For example, there is 
abundant water in the sparsely populated 
rainforests of South America, but much less 
water in certain heavily populated regions in the 
continuous or periodic water shortages. 

Water Management Problems 

There are two fundamental problems in the area of water resource management: (1) the issue of 
pollution (quality) and (2) the issue of availability (quantity). 

WATER POLLUTION: Water pollution is a very complex and interesting subject. In general, 
people want clean water and have strong opinions about water quality. In the 1960s, people 
became T Ty concerned about the deteriorating quality of water in the United States. Since that 
time, water quality has improved throughout much of the country. However, water pollution is 
still a very real problem, and is the focus of much public concern. 

Pollution: What is It? It is best to think of pollution as meaning "too much." Too much of 
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anything, even if it is biodegradable, is not good for the environment. For example, in 
1776 the biodegradable waste dumped into the river from small farms would not be a 
problem. The same could not be said today. There are more people, and the sheer quantity 
of such waste would be a major pollution problem. 

Pollution from Nature: Water can be polluted by nature, as well as by humans. The most 

common surface water pollution comes from erosion. Soil particles that enter surface 
water block sunlight and impair photosynthesis, the process plants depend on to survive. 
Volcanic eruptions and forest fires cause thermal pollution of surface waters. In some 
areas, high levels of dissolved salts, irons, calcium, or magnesium may make water 
unsuitable for drinking or other domestic and farming purposes. 

Pollution from Humans: Any time water is used, in production or consumption, its quality 
changes to some degree. If this change is significant, the water becomes "polluted" 
Primary sources of pollutants are households, industry, agriculture, municipal landfills, and 
certain government agencies. 

Types of Water Pollution: There are various basic types of water pollution: 

* Biodegradable Wastes — Biodegradable wastes, such as sewage and food waste, can 
harm water supplies because they provide food for oxygen-consuming bacteria. These 
wastes also contain disease-causing bacteria, viruses, and parasitic worms. 

* Plant Nutrients — Fertilizers enter waterways primarily from agricultural runoff, 
causing excessive growth of algae and other water plants. The decomposition of dead 
plants by bacteria reduces oxygen content and kills certain fish populations. 

* Chemical Wastes — Many different kinds of organic and inorganic chemicals enter 
our water supplies in a variety of ways. Examples include various toxic wastes, 
leakage from underground tanks, and pesticides. 

* Heat — Many large industries use water to cool their machinery. When this heated 
water is discharged into waterways, it raises overall water temperatures. This reduces 
dissolved oxygen content and harms certain fish populations. 

* Sediments — Poor soil conservation practices often allow large levels of silt to enter 
waterways. An excessive amount of silt clouds water, limiting the sunlight necessary 
for photosynthesis by algae and other water plants. When the silt settles to the bottom 
as sediment, it covers the spawning areas offish and shellfish. 

* Radioactive Materials — Despite very stiff regulations about radioactive waste 
disposal, radioactive materials sometimes enter our waterways, primarily through 
uranium mining, fallout from nuclear testing, and accidental releases. 

Point andNonpoint Source Pollution : The various types of water pollution can be categorized 
into two major groups: point source pollution and nonpoint source pollution. Point 
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source pollution enters water resources at a particular site, such as waste water 
discharged from a pipe or a leak in an underground gasoline storage tank. Nonpoint 
source pollution comes from discharges from large land areas. Examples include runoff 
from croplands, construction areas, parking lots, and urban areas. 

WATER AVAILABILITY: In certain arid areas that have rapidly growing populations, water 
availability is becoming a serious problem. In arid regions that rely heavily on agriculture, like 
California, the problem is even more acute because of the huge amount of water needed for 
irrigation. Local and state governments are now developing public policies to deal with this 
problem. This is very difficult because of the conflicting interests of groups competing for the 
right to use the scarce water resources. 

Dealing with Water Pollution 

1 

Nobody wants polluted water resources. 
People want their water resources to be clean 
and safe. But if water quality is so important, 
why has water pollution been such a problem? 
Why are solutions to water pollution 
sometimes so controversial? 

^ WHO OWNS THE WATER? THE 
f0 PROBLEM OF SPILLOVER EFFECTS: 

The major economic reason why water 

pollution is a problem is that most water 

resources are commonly owned, and are, 

therefore, overused. For example, a company located on a river has an economic incentive to use 
the river (or the air) for waste disposal because there is no immediate cost for doing so. This 
probably would not be a problem if only one company put waste in the river; but if many 
companies used the river for waste disposal, water quality would deteriorate rapidly. 

The harmful effects of the pollution of commonly owned resources are called spillover costs, or 
external costs. These harmful effects are imposed on other people, forcing these "innocent 
bystanders" to bear some of the costs of production. For example, instead of incurring the 
production costs of treating waste water properly, a company can shift these costs to others in the 
form of polluted water. This is the rationale for government getting involved in pollution control. 
Through regulation, taxation, or other means, the government attempts to internalize the negative 
external effects of pollution. (For a more complete discussion of spillover effects see pgs. 10-13.) 

THE PROBLEM OF SCARCITY: At first glance, improving water quality seems simple enough 
— the government should implement various regulatory policies that keep people from polluting. 
Unfortunately, the solution is not that straight forward. Water is required in all production and 
consumption activities; and any time water is used, its quality is affected to some degree. The only 
way to guard our water resources completely from pollution would be to stop using them 
altogether — hardly a feasible solution! The real issue to consider in public policy decisions is 
how clean do we want our water to be. Perfection isn't possible. 
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At the heart of this issue is the problem of scarcity. It takes scarce productive resources (natural, 
human, and capital) to ensure a safe and clean water supply. These same production resources 
also can be used for a variety of other valuable purposes. A community that devotes productive 
resources to water quality must give up the opportunity of using theke resources for other things, 
such as better roads, schools, and police protection. 

HOW CLEAN IS CLEAN? How does a community or society determine how many productive 
resources to devote to water quality, or to any other energy or environmental problem? The 
economic concept of marginalism helps to answer this question. (See pages 13-15 for a more 
complete discussion of marginalism.) The basic idea is that, after some point, it is not wise to 
devote additional productive resources to water quality, since the costs of continuing to improve 
water quality become greater than the benefits. After some point, it is better to devote scarce 
productive resources to other valuable purposes. 

Marginal analysis requires careful monetary estimates of the costs and benefits of policy options. 
This can be difficult, especially assigning monetary values to things such as the recreational and 
aesthetic value of clean water. For different people, these values will vary. Despite the difficulties, 
marginal analysis gives policymakers their best tool in analyzing energy and environmental issues. 

HOW MUCH IS DANGEROUS? Scientists have made great strides in their ability to detect 
minute levels of possibly dangerous chemicals in our water supplies. For example, in the 1950s, 
scientists could detect chemicals in water at the part per million (ppm) level. By 1975, this had 
dropped to parts per trillion (ppt), and recently scientists have found some chemicals at the part 
per quadrillion (ppq) level! However, these technological advances can complicate public policy 
decisions. While we now 7 can detect chemicals previously not thought to be in our water supplies, 
we lack scientific data confirming how these minute quantities affect human health and the 
envin nment. 

For example, ground water sometimes contains minute quantities of pesticides that leak into the 
ground. These quantities are usually detected at levels of parts per billion (ppb), a level equivalent 
to one ounce of chemical dissolved in one billion ounces of water. (One ppb is approximately 
equal to dissolving one-sixth of an aspirin tablet in 16,000 gallons of water, approximately the 
amount of liquid held in a large train tank car .) Is water containing these minute quantities of 
these chemicals unsafe? In many cases we simply don't know. However, this illustrates the 
importance of dosage levels when defining pollution. For example, substances, such as chlorine 
and fluoride, are considered toxic at rather modest levels, yet we add them to our water supplies 
to kill harmful microorganisms and reduce tooth decay. 

HOW SAFE IS OUR WATER? Since the 1970s, water quality has improved significantly in the 
United States, thanks in part to Federal legislation, such as the Clean Water Act of 1972 and the 
Safe Drinking Water Act (SDWA) of 1974. These acts charge the EPA with monitoring overall 
water quality. The SDWA established national water standards called maximum containment 
levels, or MCLs, for any pollutants that "may" have negative effects on human health. Public 
water supplies must monitor and comply with these standards. Individuals^th private water 
supplies are responsible for monitoring the quality of their own water. The Clean Water Act and 
other acts required the EPA to establish national effluent standards and to monitor the amounts 
of contaminants entering our waterways. 
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Experts agree that water supplies in the United States are generally safe for their intended 
purposes. However, this issue will always be a source of controversy, since some level of 
contamination is inevitable, and individuals will disagree on the effects of minute quantities of 
contaminants that now can be detected. 

Dealing with Water Availability 

TWO GENERAL APPROACHES: There are various regions in the western United States that 
have too little water. This is due largely to low and variable precipitation, high runoff evaporation 
rates, and depletion of ground water supplies because of intensive irrigation. There are two basic 
approaches to dealing with water availability problems: (1) increase supply or (2) reduce 
demand. 

INCREASING SUPPLY: There are various 
ways to increase water supplies. One of the 
primary ways is to build dams and reserv Mrs. 
They collect water and store it for dry pen ^ds, 
provide flood control, and are a source of ehergy 
for electric generation. However, dams and 
reservoirs are costly to build, and they must also 
be kept free from silt, which can disrupt a river's 
ecological balance. 

Water diversion projects transfer water from one 
area to another, but they are expensive and may 
have harmful environmental impacts. Another 
alternative is to rely more heavily on ground 
w#er sources. This also can be a problem 
because excessive usage leads to aquifer 
depletion. Less feasible alternatives include clouding, seeding, and desalination, which is very 
expensive. 

REDUCING DEMAND. There are two primary ways to reduce water usage. The first is to 
conserve water by promoting better water efficiency. Water efficiency measures how much water 
it takes to do a certain task. Because water has been very plentiful and inexpensive in the United 
States, water efficiency has not been a major concern. Industry, agriculture, and households have 
tended to use large amounts of water. There has been an emphasis recently to improve water 
efficiency in all areas. Many industries now recycle waste water for reuse and use new 
manufacturing techniques to conserve water. In agriculture, new irrigation techniques reduce 
evaporation and seepage. Many households now have water-saving fixtures and devices that 
significantly reduce water usage. 

The second basic way to reduce water usage is through correct pricing. Because of government 
subsidies and pricing policies, the price of water is kept low, and often does not reflect the true 
relative scarcity of water. The low price encourages consumption and reduces water efficiency. In 
some regions, consumers are not even metered for their water usage. The obvious economic 
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solution is to establish a true market price for water. Politically, however, this is very difficult. 
Consumers, especially western farmers, depend heavily on cheap supplies of water. Water pricing 
and the parallel issue of water rights will remain important and controversial issues. 

Summary 

Is there really a water crisis in the United States, as many news stories indicate? In general, 
experts agree that there is no immediate crisis in water quality or availability. For the most part, 
water supplies in the United States are adequate, and the quality is suitable for the desired 
purposes. However, average national statistics mask real local and regional problems. Most 
experts believe that the water management policies of the Federal Government, which previously 
focused on national standards, are shifting to accommodate these local and regional needs. As one 
report stated: 

Because water management problems and concerns are increasingly localized and 
complex, the focus of policy decision making is now shifting to non-Federal levels. Where 
nationally consistent policies were appropriate to water quality or resource management in 
the past, today's problems require more finely tuned responses. . . . These may take the 
form of supplementing national policies with flexibility to address local considerations or 
even of defining what is "national" in terms of diverse regional or local solutions to a 
particular water management problem. 4 

One thing is certain. Water management issues will figure prominently in public policy decisions in 
the years ahead. 



4 "An Overview of the Nation's Water," World Eagle, (March 1992), p. 33. 
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Teaching Instructions 

Overview: 

The specific teaching activities do not have to be done in order. However, you will 
probably want to do the Case Studies toward the end of the units, when students have mastered 
much of the basic information. Some of the basic information to teach your students is found in 
the preceding Facts About Wetter Resources section. Other information is available from a variety 
of sources, many of which are listed in this booklet's Resources section. Encourage your students 
to research this information on their own. The Further Explorations Activity suggests a variety of 
research activities. 

Some of the key economic concepts your students should learn in this unit on water resources are 
described immediately below in the "Key Concepts to Emphasize" section. These concepts are 
also highlighted in the "Key Questions to Ask Students" section in the specific teaching activities. 

Key Concepts to Emphasize: 

All Water is "Polluted" to Some Degree: In nature, there is no such thing as "pure" water. 
According to the Environmental Protection Agency (EPA), "Probably one of the most 
important and basic concepts to understand about the earth's water is that it is not pure." 
This is because water readily dissolves both natural and man-made substances. 

"The Dose Makes the Poison:" Whether water is safe depends primarily on the amount 
(not merely the existence) of a pollutant in the water. According to the EPA, "The level or 
quantity of a substance in water is the central issue with respect to determining whether the 
water is adequate for human consumption." 
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3. Making Water Perfectly Clean is Not Wise Public Policy: How clean should our water 
be? This question is the crux of the water pollution issue. Economists argue that it makes 
sense to cleanup water resources to the point where the additional (marginal) benefits of the 
purer water equal the additional (marginal) costs. Beyond that point, further cleanup is 
unwise, since scarce productive resources could best be used elsewhere, such as for better 
roads, schools, medical research, etc. 

4. The Role of Price in Water Issues: Water is not a free good. It takes scarce productive 
resources to supply clean, safe water for people to use. The price of a good reflects its 
relative scarcity. In arid regions, water is more scarce and should be more expensive. If the 
price of water truly reflects its scarcity, there will be no water shortages. However, if 
governments keep the price artificially low (below the true market price), too much water 
will be used, resulting in shortages, as there are out west. 

5. Progress in Managing Water Resources: In the past 30 years, the quality of water 
resources in the United States has improved substantially. This improvement reflects a better 
control of point source pollution. More attention is now being given to the management of 
nonpoint pollution sources. 
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Activity 1 



The Water Cycle Game: Along for the Ride! 
Teaching Objectives: After completing this activity/game, students will be able to: 

1. Explain how water is constantly renewed through the water cycle processes of 
evaporation, condensation, precipitation, and accumulation. 

2. Identify various stages in the water cycle where water can be polluted. 

3. Explain that most of the water we use is "polluted" to some degree. 

Time Allowed: • 40 minutes 

Materials: • Water Cycle game board • Raindrop markers 

• Pollution cards • One die 

Vocabulary/Concepts: 

• Aquifer: porous underground layers of sand or other granular materials that hold ground 
water. 

• Biosphere: the part of the earth and its atmosphere where life exists 

• Condensation: the changing of a gas to a liquid. 

• Evaporation: liquid turning into a gas. 
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• Groundwater: water located beneath the earth's surface. 
» Pollutant: any substance that dirties the environment. 

» Precipitation: rain, snow, or other forms of water that fall to the earth. 

» Scarcity: the condition of not having all of the goods, sendees, or productive resources 
(including water) that you want. 

• Surface Water: the water one can see, including oceans, rivers, lakes, estuaries, and wetlands. 

• Sediment: material that settles to the bottom of a liquid. 

• Transpiration: the giving off of moisture through skin pores or leaves. 

• Water Cycle, movement of water in our environment as it goes from liquid to vapor and back 
to liquid again. 

• Water Table: upper surface of an underground area that is completely saturated with water. 

Water is essential to all life on earth. The human body is more than 60 percent water. Water flows 
in our veins as well as in the sap on trees. There is a finite amount of water on earth. The same 
molecule of water has gone through millions of changes through the ages. In nature, water 
purifies itself by evaporating and leaving impurities behind. However, when too many pollutants 
enter the cycle, it is difficult for them to be removed naturally. 
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Teaching Procedure: 

Background : To prepare students for playing the Water Cycle Game, write and circle the words 
"Water Cycle" on a large piece of paper. Ask students to share any associations they have 
concerning this concept. ( Wtiat do you think of when you hear these words?) Record all 
responses in a web-like pattern/concept map. Keep responses on display throughout all water 
activities. When responses need to be expanded or altered, use a different colored marker. 

Explain the natural water cycle, defining the processes of evaporation, condensation, 
precipitation, and accumulation. (See Vocabulary and Facts About Water Resources.) 

Discuss the concept of water pollution. List the various types of water pollution (page 106) and 
identify specific pollutants. Identify where these pollutants enter the water cycle. (Water vapor 
combining with emissions to create acid rain; point source discharges from factories or waste 
disposal sites; sediment from agriculture, construction, or timber harvesting; oil and chemical 
surface runoff; toxic wastes from mining, old storage tanks, or landfills, etc.) 

Plaving the Game : Each student becomes a "raindrop" and takes a jburney around the water 
cycle. During the journey, players pass through pollution areas and must pick up pollution cards. 
At designated points, players can "drop" some of the pollutants. The raindrop that successfully 
travels one complete turn of the cycle, while collecting the least number of pollution cards, is 
declared the "Top Drop." 

1 . Place each set of four Pollution Cards face down on one of the four "Pollution Entry 
Clouds" in each corner of the game board according to the designated type of pollution. 

2. Randomly choose a "Starter" to begin the game. Play proceeds to the Starter's left. The 
Starter places a raindrop on the "Start" square, rolls a die, and moves in the direction of 
the arrow, simulating the path of water in the cycle. More than one marker may occupy a 
space. ' 

3. The squares marked E (evaporation), C/P (condensation/precipitation), A (accumulation), 
or GW (ground water) indicate where pollution can enter the water cycle. A player 
landing on one of these squares must draw the appropriate card, identify the pollutant out 
loud, and keep the pollutant until the end of the game. A player landing on a "Drop Out" 
or "Filter Out" square may return a pollution card to the appropriate "Pollution Entry 
Cloud " Play continues until all raindrops pass the "Finish" square. The player with the 
least number of pollution cards is declared "Top Drop." In case of tie, players continue 
for one more cycle. 

Teaching Tips: 

1. Prepare at least two sets of "Pollution Cards" for each game board used. Laminate 
Pollution Cards and Raindrop Markers to enhance durability. 



us 114 



Key Questions to Ask Students: 



1 . Name the different forms water takes as it travels through the water cycle. (Liquid, vapor, 
ice.) 

2. How does the water cycle purify our water? (When water evaporates, it leaves impurities 
behind and precipitates in a cleaner form.) 

3. When people use water, does it always become polluted? (Y es, it is always polluted to 
some degree, although that degree will vary.) 

4. Is water that has tiny amounts of pollutants dangerous? (Not necessarily. No water is 
completely pure; there are trace elements of "pollutants" in virtually all water. It is the 
"dose that makes the poison," that is, the concentration of the pollutants is really crucial.) 

Bulletin Board Ideas: 

1 . Enlarge a map of the earth and shade in the areas of usable and unusable water with 
different colors. 

Student Journal Ideas: 

1. Contact your local utility company to find out the source of your local water supply. Then 
have; students pretend they are a drop of water that has just entered your school. Have 
students write and illustrate a story about the previous experience of the water drop, 
including details of how it managed to stay so clean. 

2. Identify ways that humans influence how water moves through the water cycle. 
(Humidifiers and dehumidifief s, watering lawns, transporting water long distances, 
returning water to waterways after sewage treatment, steam turbines to make electricity, 
etc.) 
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Pollution Cards: Past* corresponding answers (naxt page) on back of cards. 




GAME PIECES: Fold along dotted line to stand up. 
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fC/PJ fC/PJ (CI?) (CI?) 

FACTORY CAR AND TRUCK BURNING OF COAL FURNACE 

SMOKESTACK EXHAUST OILFIELDS IN 

WITH NO OLDER HOME 
SCRUBBERS 



fEj rej ft) fEj 

TOXIC EXHAUST FROM VOLCANIC DUST 

PESTICIDE AIRPLANE ASHES PARTICLES 

SPRAY IN Am ENGINE 



fG/WJ fG/WJ fG/WJ fG/WJ 

LANDFILL LEAKY SEPTIC USED OIL SALTWATER 

SEEPAGE TANK FROM CAR SEEPAGE 

ENGINE 



fAJ fAJ fAJ fAJ 

CATTLE EROSION FROM DISCHARGES FERTILIZER 

GRAZING TOO MUCH FROM FROM LAWN 

NEAR STREAM LOGGING FACTORIES CARE 
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Activity 2 

Putting Hard Water to the Test 
Teaching Objectives: After completing this activity, students will be able to: 

1 . Explain the difference between ""hard" and "soft" water. 

2. Identify productive resources needed to soften water. 

3 . Identify opportunity costs and trade-offs in choices involving hard and soft water. 
Time Allowed: • 40 minutes 

Materials (per group): 

• baby food jar with lid • 1 00 ml rainwater (or bottled water) 

• plastic cup with pin holes in bottom • coffee filter 

• limestone chips (finely ground) • 1/4 teaspoon soap powder 

Vocabulary/Concepts: 

• Hard/soft water: a measure of the presence or absence of minerals like calcium, 
magnesium, and iron. 

• Opportunity Cost: what you give up to get something; the value of one's next best 
alternative when making a decision. 

• Tradeoff : giving up some of one thing in order to get some of another. 
Teaching Procedure: 

1 . Review basic facts about ground water from the Facts About Water Resources section. 
Explain that ground water that is relatively free of pollutants, nevertheless contains 
naturally dissolved materials, such as calcium, magnesium, and iron, that affect water 
usability. Discuss the hardness and softness of water, and the reasons and ways that people 
soften their water. 

2. Explain that water can be tested for hardness by adding powdered soap and shaking. 
Demonstrate by pouring 100 ml of rainwater into a baby food jar. Add a pinch of soap 
powder. Secure the lid and shake the jar 15 times. Mark the height of the lather, and set 
the jar aside as the "control sample." 

3 . Break into teams to investigate how hardness/softness of rainwater is affected as it seeps 
into aquifers. Follow these procedures: 

a. Obtain the listed materials. 

b. Place a coffee filter inside the plastic cup and add the limestone chips. 
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c. Slowly pour 100 ml of rainwater through the cup/filter/chips into one of the jars. 

d. Add a pinch of soap powder to the water and secure the lid. 

e. Predict the height of the lather. 

f. Shake the jar 15 times. Compare the height of the lather with that of the "control jar." 

g. Discuss the results. 

4. Explain that rainwater is considered "soft." When rainwater seeps through the ground on 
its way to aquifers it dissolves minerals such as calcium, and becomes "hard." Soft water 
will maintain a significant lather; while hard water will not. Did student investigations 
confirm this? 

Teaching Tips: 

1 . With certain kind of limestone, not enough calcium may dissolve to give the water enough 
hardness. To remedy this, use a weak vinegar solution (25 ml vinegar/100 ml rainwater) to 
help dissolve the calcium. The vinegar simply helps calcium to dissolve; it does not, in 
itself, contribute to water hardness. To prove this, add the soap powder to the 
vinegar/rainwater solution alone and test for hardness. It should still be soft. 

2. Another way to increase calcium without using vinegar is to let the water stand overnight 
in a cup of limestone chips. 

Key Questions to Ask Students: 

1 . What makes water "hard? " (Minerals such as calcium, iron, and manganese.) 

2. What scarce productive resources does it take to soften water to make it more usable? 
(Natural resources — rock salt, metals; human resources — expertise and labor to create 
and install softening systems; capital resources — water softeners, pipes, tools, etc.) 

3. What costs/experises are there if someone doesn 7 soften water? (Minerals collect on 
pipes, in appliances, etc.) 

4. Mrs. Brown has saved $400 to buy either a water softener or a new large freezer. If she 
buys the softener, what is her opportunity cost? (The freezer.) If she buys the freezer, 
what is her opportunity cost? (The softener.) 

5. What are the trade-offs in Mrs. Brown 's decision? (Trading off the benefits of softer 
water for the benefits of being able to freeze more food.) 

Bulletin Board Ideas: 

1 . Illustrate how rainwater becomes hardened as it passes through the ground to aquifers. 

2. Show the opportunity cost of Mrs. Brown's softener/freezer decision. 
Student Journal Ideas: 

1 . Write and illustrate a paragraph entitled: "How Rainwater Becomes Hard " 

2. Write a paragraph entitled "The Costs and Benefits of Soft Water" 
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Activity 3 

Does Clean Mean Pristine? 
Teaching Objectives: After completing this activity, students will: 

1 . Understand that it is costly to clean the environment. 

2. Explain that individuals usually clean the environment by doing the least costly activities 
first. 

3. Explain why it is too expensive, in terms of opportunity cost, to have "perfectly" clean 
water. 

4. Formulate a personal definition of "clean water," and understand that individuals differ on 
their definition of a clean environment. 

Time Allowed: • 30-40 minutes 

Materials: • Materials representing various "pollutants" found in water (such 

as scrap paper, popcorn, wood shaving, small dots from the 
paper punch, plastic, rice, grains of sand, glitter, dried grits,etc.) 

Vocabulary/Concepts: 

• Capital Resources: physical goods, such as tools, buildings, and equipment, which are used 
to produce other goods or services. 

• Opportunity Cost: what you give up to get something; the value of one's best alternative 
when making a decision. 

• Water Pollution: harmful or unwanted effects on waterways caused by contaminants and 
waste. 

Individuals usually agree that water quality is a problem that needs to be addressed. However, 
they frequently do not agree on the degree of water quality. In other words, how clean is clean? 
Students learn an important economic concept — that the opportunity cost of continuing to 
cleanup contaminated water eventually becomes too great. At some point, the extra (marginal) 
effort and cost required for additional cleanup is not worth the benefits. When this point is 
reached, the scarce productive resources used for cleanup would best be used elsewhere. 

Teaching Procedure: 

1 . While students are out of the room, litter the floor with a variety of different-sized "water 
polluting" materials. (See materials list.) Be sure to include a significant amount of tiny, 
"difficult-to-pick-up" materials, such as sand, glitter, or dried grits. 
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2. 



When students arrive, explain that the items on the floor represent different water 
pollutants in a nearby pond. Since the pond is a source of water and recreation for the 
community, it is important to reduce the level of pollution immediately. 



3. Allow three approximately one-minute rounds to clean up the "pond " After each round, 
record on the board the types of "pollution" that were found. Discuss what types of water 
pollution each item could represent. By the end of the third round, the obvious pollutants 
should be gone and the pond should be "clean." 

4. After the third round ask, "Now have we cleaned up our pond?" After students agree, 
examine the floor carefully and discover some small bits of glitter, sand, etc. Tell students 
that the pond is not clean, since some tiny pollutants remain. Ask if students want to 
continue cleaning the pond. (They won't want to!) 

5. Be sure to ask the Key Questions below. 
Teaching Tips: 

1 . Be sure to distribute enough water "pollutants" — large and small. You'll be surprised at 
how well 25 students can clean up a classroom in three minutes. 

Key Questions to Ask Students: 

1. What types of water "pollutants" did you find? (Biodegradable — paper, wood shaving, 
rice, etc.; Nonbiodegradable — plastic, metal, glitter, etc.) Could there be some left we 
cannot see? (Yes, dissolved substances and chemicals.) 

2. What did you have to do to "clean up " the water? (We had to work, which took energy 
and time. To do a thorough job, we needed capital , such as a broom or vacuum cleaner. In 
real life, it would take scarce productive resources to clean up water.) 

3. What types of pollutants did you remove first? Why? (Large items. They were less costly 
to remove in terms of time and energy. The benefit was also greatest — it looked cleaner 
sooner.) 

4. Wfiy did you conclude that the water was "clean " when it actually wasn 7? (It appeared 
to be clean; it was clean enough. Only tiny pollutants, such as glitter, remained.) 

5. Why don 7 we spend more time cleaning up the remaining pollutants? (It would take too 
much time. The o pportunity cost is too great. We have other more important things to 
do.) 

6. In real public policy, such as the Safe Water D> nking Act, why doesn 7 *he government 
take more drastic action to enforce even stricter safe water drinking standards? (The cost 
of doing so would probably exceed the benefits. Scarce productive resources would be 
better used for other priorities, such as for better education, roads, cancer research, etc.) 




7. After concluding the first round, was the room ("pond") clean enough for some people 
but not for others? (Yes.) Is your room at home ever clean enough for you but not for 
your parents? (Yes. One of the difficulties of solving environmental problems is that 
people have different tolerance levels for pollution.) 

Bulletin Board Idea: 

1 . Determine where your community is located on the earth map from the Bulletin Board 

Idea in Activity 1. Place one end of a piece of yarn on that spot and attach the other end to 
an enlarged "insert" map of your community. Highlight a lake, pond, or stream nearby. 
Have the students study the surrounding area and identify the watershed (all the land that 
drains into a particular body of water) for the highlighted water. Make "pollution cards" 
representing difference types of pollution that might be contaminating the highlighted 
water. Mount the cards on water drops and place them around the community map. 

Student Journal Ideas: 

1 . Take a walk around your community. 

2. Have students record any potential water pollution problems encountered during the walk 
by taking pictures or drawing representative sketches. 

3 . Discuss what is causing the potential water pollution problem. 

4. Have students write an imaginary letter from the Environmental Protection Agency (EPA) 
to the alleged polluter. The letter should outline the pollution problem, explain the possible 
harm to the community, and offer possible solutions to the problem, noting the 
opportunity costs of any course of action. 



(An original version of this activity appeared in the article "A Clean Environment, A Matter of Choice " by Robert W. 
Reinke and Diane W. Reinke, in the Elementary Economist, Spring 1989.) 
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Decision Time in Bonedry, California 



Activity 4 




Teaching Objectives: After completing this activity, students will be able to: 

1 . Draw a diagram illustrating the distribution of the earth' s water supply. 

2. Explain why water is a scarce good. 

3. Explain how prices reflect relative scarcity. 

4. Apply the concept of water conservation (water efficiency) to their daily lives. 
Time Allowed: • 30-40 minutes 

Materials: • "Where in the World Is the Water?" handout 



Vocabulary/Concepts: 

• Scarcity: the condition of not being able to have all of the goods, services, or productive 
resources that you want. Water is considered scarce because its not freely available in 
unlimited quantities. . 

• Price: the amount people pay to buy a good, service, or productive resource. Prices reflect 
relative scarcity . Items which are relatively more scarce generally cost more than those which 



• Water Conservation: a general term describing the wise and efficient use of water resources 

Fresh water is considered a scarce good because it is not freely available in unlimited quantities. It 
takes scarce productive resources to provide adequate and safe water, and people, therefore, 
have to pay to obtain it. The price of water reflects its relatively scarcity. Fortunately, even 
though fresh water comprises only a small fraction of total worldwide water supplies, there is an 
abundant supply available to meet most human needs and wants. This is why the price of water, 
perhaps our most valuable natural resource, is so very low. In arid regions, raising the price of 
water can make water use more efficient and help improve water conservation. 

Teaching Procedure: 

1 . Discuss the distribution of water on the earth's surface (See Facts About Water 

Resources). Emphasize that fresh water supplies are generally adequate but are unevenly 
distributed, causing regional and local water problems. 



Decision Time in Bonedry, CA" worksheet 

Decision Tree" or "Five Step Model" handouts (pgs. 19-21) 



are not. 
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2. Have students complete the "Where in the World is the Water?" handout. Discuss the 
issue of water availability/scarcity. (Use Key Questions to Ask Students below.) 

3 . Read and discuss the Decision in Bonedry scenario. Have students role play how different 
individuals (farmers, elderly people with low incomes, wealthy people with swimming 
pools, etc.) might react to the new water policies. 

4. Next divide students into groups of three or four. Use the Decision Tree or Five Step 
decision models to solve the water problem on the "Decision Time in Bonedry, California" 
worksheet. Discuss the group decisions. 

5 . Review all the Key Questions to Ask Students below. 
Key Questions to Ask Students: 

1 . Why is fresh water considered a scarce good? (It is not freely available in unlimited 
supplies. We have to pay to get it.) 

2. What scarce productive resources are necessary to produce clean, safe water? (W ater 
treatment plants, pipes, equipment, skilled water specialists to test and provide the water, 
etc.) 

3 . The price of water is relatively low in the United States. Why? (In most communities, 
water is not extremely scarce. The low price of water reflects its abundant supply.) 

4. What does it mean to conserve water? (The wise and efficient use of water resources.) 

5. What are ways that you can conserve water at home? (Answers will vary.) 

6. What does the price of a resource tell us about its relative scarcity ? (The higher the 
price, the more scarce a resource is, compared to other resources, and vice versa.) 

7. Would raising the price of water help people conserve? (Yes. They would buy and use 
less.) 

Bulletin Board Ideas: 

1 . Have students locate areas in the world where water is very scarce (arid regions, deserts, 
etc.) and shade these areas with a brown marker. Find pictures of how water is supplied in 
these areas (wells, windmills, pipelines, etc.). Paste the pictures on the map. 

Student Journal Ideas: 

1 . List various ways to save water in your home. 

2. Write a paragraph answering this question: "Water is perhaps our most useful resource. 
Diamonds are not nearly so useful. Why do diamonds cost so much more than water?" 

3. Develop a plan for arid countries to get water from the polar ice caps. Be sure to consider 
all the scarce productive resources that would be needed. Why don't countries do this 
now? 
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Where In the World is the Water? 

Even though four-fifths of the earth' surface is covered with water, not all water is usable. 

Look at the chart below. Decide where each water source is located on the water drop graph. 
Color each area as directed. 




A 



Decision Time in Bonedry, California 

The fanning community of Bonedry, California, has a problem. Due to a drought and the large 
irrigation needs of farmers, the fresh water supplies are drying up. To protect the remaining water 
supplies, the city council conducted a survey to find out what new policy the citizens wanted. 
After much debate, this notice was sent. 




TO: Citizens of Bonedry 

FROM: Bonedry City Council 

REGARDING: Water Shortage Problem 

The City Council has decided to adopt a new water policy. We have 
decided to either: 



1 . Raise the price of water so people will use less OR 

2. Ration water (allow individuals, especially farmers, to use only a limited amount) 

We value your input. Come to the Council meeting next week and tell us which policy to 
adopt. The situation is critical, and something must be done. We will vote on this issue in two 
weeks. c 



1 . What is the scarcity problem in Bonedry? . 



2. The Council thinks raising the price of water will cause people to use less. Do you agree? 
Explain. 



Which people in the community might be hurt most by the higher prices? Who might be 
hurt least? Explain 



Who in the community might be hurt most and least by the rationing p lan? 
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If the City Council votes to ration water, citizens will have to use less. List five ways the 
citizens could limit water usage in their homes. 



What does your group think the City Council should do? How would your group vote? 
Use the Decision Tree or the Five Step Decision Model to help you decide. 
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Activity 5 

Is Cleaning Hazardous to Your Health? 

Teaching Objectives: After completing this activity, students will be able to: 

1 . Explain that chemicals from households don't just "go away" — they are deposited 
somewhere. 

2. Identify the opportunity costs and trade-offs of using commercial cleaning products 
containing toxic chemicals instead of "environmentally friendly" natural substances. 

3. Explain that minute amounts of "hazardous" substances may not be dangerous. 



Time Allowed: 
Materials: 



• 50-60 minutes 

• Examples of commercial products containing toxic substances 

• Commercial product for removing tarnish 

• Per group: 3-4 tarnished pennies 

1-2 new, shiny pennies 
3 tbs. white vinegar 
1 tbs. salt 

1 plastic cup and stirrer 
"Decision Tree" handout (p. 19) 

• "Is Cleaning Hazardous to Your Health" handout 



Vocabulary/Concepts: 



• Opportunity Cost: what you give up to get something; the value of one's best alternative 
when making a decision. 

• Nonpoint Water Pollution: pollution that does not enter surface water at any one point. 



• Toxic: poisonous. 



• Trade-Off: giving up some of one thing in order to get some of another. 

The earth's water is not completely pure. Contaminants occur naturally in water. They also enter 
water supplies from nonpoint pollution sources such as household drains and surface runoff from 
agricultural and urban areas. It is difficult to monitor this type of pollution; and it is also difficult 
determining whether or not minute quantities of toxic chemical substances in water supplies are 
actually harmful. Not using these chemical substances would help the environment to some 
degree, but would it be worth giving up all the benefits these chemicals provide? 

Teaching Procedure: 

1 . Introduce the concept of "toxic." Show several examples of household products 

containing toxic substances. Have students identify other products and list them on the 
board. List how these products are helpful in the home. 
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2. Discuss the issue of disposal of these toxic substances. (If time permits, research some of 
the chemical properties of the toxic substances.) Where do they go after they are used? 
(Dawn drains, in the air) Is it dangerous putting these chemicals down drains? Will our 
water supplies become contaminated? (This depends on two key factors: a. the toxicity of 
a substance and b. the quantity of the substance. Even a highly toxic substance is not 
dangerous in minute concentrations. As the EPA states, "The level or quantity of a 
substance in water is the central issue with respect to determining whether the water is 
adequate for human consumption. ") 

3. Discuss how the disposal of toxic substances could be a problem. (If enough toxic 
substances were disposed to bring toxic concentrations in water supplies to dangerous 
levels.) 

4. (Optional) Clean a tarnished penny using a commercial product. Does it do a good job? 
List the chemical ingredients in the commercial product? Are any of them toxic? 

5. Introduce the idea of using nonhazardous cleaning substitutes in the home instead of 
products containing toxic substances. Give students the "Is Cleaning Hazardous To Your 
Health?" handout. Divide the class into groups and have them perform the investigation, 
making sure all students are involved. Have students complete questions 1-6. (Note: To 
get the pennies shiny in question 4, rub them with a cloth or paper towel.) 

6. When the students are finished, discuss student responses to questions 1-6. Explain that 
the chemical name for vinegar is acetic acid and that for salt is sodium chloride. When 
mixed, they form a mild solution of hydrochloric acid, which removes the tarnish from the 
pennies (along with some rubbing!). Hydrochloric acid can be very corrosive, but is also a 
natural chemical found in the human stomach. It is easily neutralized and isn't toxic in 
dilute form. 

7. Finally, use the Decision Tree model (in large or small groups) to answer question 7. 
Teaching Tip: 

1 . Students may identify more than the two alternatives given in question 7. Students can 
analyze more than two alternatives by using the Five-Step decision model. 

Key Questions to Ask Students: 

1 . Is the earth 's water pure? (No. It contains many dissolved microbiological and chemical 
contaminants that occur naturally or that are caused by human activity.) 

2. What determines whether water is safe to drink or use? (a. the toxicity of a contaminating 
substance, and b. the concentration level of that substance.) 

3 . What can we do in our homes to help keep our water supplies safe? (Answers will vary. 
Try to avoid using toxic chemicals, because the cumulative effect can cause problems.) 

4. What are some of your choices when making a decision about a tarnitih problem? (Don't 
clean, clean with a commercial product, clean with nontoxic substitutes, etc.) 
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5. What are the trade-offs involved in deciding whether or not to use a nontoxic substitute 
instead of a commercial product? (Trading-off the benefits of the substitute — more 
"friendly" for the environment and less costly in terms of money spent; for the benefits of 
using the commercial product — less time and elbow grease and often a better job of 
cleaning.) 

6. What are some other nontoxic cleaning substitutes you can use in your house? (Vinegar 
and water — window cleaner; vinegar and liquid detergent — bathroom sink and tub 
cleaner; detergent, borax, and lemon juice — toilet bowl cleaner; soap and hydrogen 
peroxide — disinfectant) 

Bulletin Board Ideas: 

1 . Cut out water drops on colored construction paper. Along the top border of the bulletin 
board, place the following title on some of the drops: "Dropping the Cost of Water 
Pollution " Whenever students try a substitute for a product containing toxic substances, 
write down the idea on a new water drop and add it to the bulletin board. 

Student Journal Ideas: 

1 . Write a paragraph explaining why you agree or disagree with this sentence: "If a toxic 
substance is found in water, this means the water is harmful to your health." 

2. Have each student survey at least five adults, asking them if they have ever used 
nonhazardous substitutes for household cleaning. If so, ask them to share their ideas; if 
not, ask them why they chose not to use the substitutes. Write a paragraph about the 
survey results. Explain why most people choose not to use substitutes. 
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Is Cleaning Hazardous to Your Health? 



Your group will perform an investigation. Here are the materials you will need: 

• 3 tbs. of white vinegar • 1 Tbs. of table salt 

• 1 plastic cup and stirrer , • 2-5 dirty, dull pennies 

• 1-2 shiny, new pennies 

Directions: 

1 . Read all directions, then answer question 1 . 

2. Add the table salt to the vinegar and stir. 

3 . Drop in your dirty, dull pennies. 

4. After 5 minutes, remove the pennies from the solution 

5. Answer questions 2-7 only. 

Questions: 

1 . Prediction: What do you think will happen to the pennies Z 



To the water ? 

2. Describe how your pennies look and feel when you take them out of the solution? 

Look? : ! 

Feel? r- ^1 

3. Compare the treated pennies and the shiny pennies. How are they alike and different? 

Alike? ; 

Different 

4. Think of a way to make the pennies look the same. Try it! 

5. If you choose to use the vinegar/salt station to clean metals in your house instead of a 
commercial product, what is your opportunity cost? 




6. If you choose to use a commercial product instead of the vinegar/salt solution, what is 
your opportunity cost? 

7. Mrs. Smith is a very busy person. She has three children, ages 2, 5, and 10, and also works 
20 hours a week as a nurse. She wants to keep her house very clean, and also wants to 
take care of the environment. Use the Decision Tree to help her decide if she should use 1) 
a commercial product containing toxic chemicals or 2) the vinegar/salt solution to remove 
tarnish from her nice silverware. 
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Activity 6 

Further Investigations 

1 . Find an area near yorr school where water seems to accumulate after a rain. Watch that 
area and make a map of the drainage pattern during the next rain. 

2. Visit the water treatment plant in your community, or ask the manager to visit your class. 
Ask how water is treated. What price do residents pay? What chemicals are added to the 
water? What is the source of the water? Are there any particular problems with the water 
supply? 

3. Write a letter to a water conservation group (See Resources section) asking for 
information about what it is doing to help protect/conserve our water resources. 

4. Ask a county surveyor or city engineer for a drainage map of your area. Locate the school 
on the map. Trace a line on a map showing how water reaches your school from its 
source. Also show where runoff water and sewage go after leaving your school. 

5. Tour a factory in your area. Interview factory officials about water treatment in their 
factory. Is the water recycled? How is waste water treated? Where is it discharged? Are 
there any chemicals in the waste water? Are they safe or harmful? What kinds of EPA 
regulations must your factory follow? 

6. Research the Safe Drinking Water Act (SDWA) and the Clean Water Act. Write a report 
explaining how these laws have helped keep our water supplies safe. 

7. Contact your high school's agricultural organization to find out what area farmers are 
doing to help keep pesticides and other chemicals out of water supplies. 

8. Write a story describing what life might be like on our planet in the future if we don't take 
proper care of our precious water supplies now. 

9. Research the topic of wetlands. What are some ways they are helpful? What are some of 
the current controversies surrounding wetlands? 

10. Working in teams, research what kind of chemicals and microorganisms occur naturally in 
water. Find out if they are dangerous if found in drinking water. 

1 1 . Wash your hair using rainwater. Record any differences. 

12. Gather literature and other information on water softening systems. Investigate systems 
that do and do not use rock salt. What are the advantages and disadvantages of each? 
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Activity 7 
Let's Talk It Over 

Teaching Suggestions: Discuss the challenging (and sometimes controversial!) statements and 
questions below with your students. Help the students think critically by applying the concepts 
learned in this unit. Be prepared for some lively discussion! 

1 . Our waterways frequently collect runoff from farmland that contains certain pesticides and 
other chemicals that farmers use to grow and protect their crops. Should these chemicals 
be banned? Why or why not? What are the trade-offs in this situation? 




2. "Water from unpolluted, underground sources is completely pure." True or False? 
Discuss. 



3. "Factories should not be allowed to put treated wastewater back into streams and lakes." 
Do you agree or not? Why? Discuss. 

4. Some individuals believe that water fountains that put very small amounts of lead into the 
water should be removed, regardless of the cost. Do you agree? Why or why not? 




5. "Fanners should be able to decide if certain wetland areas on their own private land are 
used for agriculture or other purposes. The government has no right to tell them how to 



use their own property." Do you disagree or disagree? Why? 

6. "Water containing small amounts of certain toxic chemicals is safe to drink. We shouldn't 
be worried about it." Do you agree? Why or why not? Discuss. 

7. "When homeowners and their families throw cleaning chemicals down the drain, they 
don't need to wony because their water treatment plant will remove all the harmful 
chemicals before the water goes back into the community water source." Do you agree or 
disagree? Why? 

8. Fluoride and chlorine can be deadly to humans if swallowed in moderate quantities. Yet 
water companies routinely add these chemicals to our water! Should they be allowed to do 
this? Why or why not? Discuss. 

9. "The dose makes the poison." True or False? Explain. 



10. "It is important that we keep our water supply free of all chemical and organic pollutants, 
no matter what the cost." Do you agree or disagree with this statement? Explain why. 

1 1 . "Water supplies in the United States are basically not safe." Do you agree or disagree? 
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EEE Actions: You Can Make a Difference! 



Activity 8 




2. 

3. 
4. 

5. 

6. 



Develop a plan to reduce water consumption (and water bills!) in your home. Here are 
some possibilities to consider: 

a. Take short (5-7 minute) showers. When taking a bath, don't fill the tub. 

b. Use faucets that have aerators that mix air and water. 

c. Don't let the water run continuously when brushing teeth or shaving. 

d. Scrape dishes well instead of rinsing them under running water. 

e. Use a nozzle that can be shut off when washing your car. 

£ Hose down cars, garbage cans, bicycles, etc., on the lawn, not the pavement. 

g. Clean off sidewalks with a broom, not a hose. 

h. Water plants during cool, windless hours, especially during early morning. 

i. Keep a jug of water in the refrigerator rather than running water from the tap until its 
gets cold enough to drink. 

j. Install devices that reduce the amount of water needed to flush toilets, 
k. While waiting for faucet water to get hot, catch the cool water in a pan and use it to 
cook or water plants. 

Encourage your classmates to develop good water conservation habits by organizing a 
"Water Drop" week. Students earn water drops by having an adult verify each time a 
gallon of water is saved at home or at school during the week. Students deposit their 
earned water drops into an empty aquarium located in a prominent place in the school. 
Students can solicit sponsors who will agree to donate $.05 for each gallon the student 
saves throughout the week. Sponsorship money can be used to set up a live display for all 
students to enjoy and be reminded of the life-supporting role water plays on our planet. 

"Adopt" a stream in your community. Organize a clean-up group to pick up any trash in 
and around the stream. Monitor the stream to make sure it stays clean. 

Prepare an information exhibit featuring your "Clean the Stream" group and its project. 
Include pictures, poems, drawings, a list of ways everyone can help, etc. Display the 
exhibit in your school, at a PTA meeting, or at a local shopping center. 

Invite a guu speaker from your local Soil and Water Conservation Department to talk 
with your class about the proper use of land and water. Share the information you learned 
with students in the tower grades. 

When practical, use nontoxic cleaning substances to clean your home. 
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Activity 9 

The Case of the Off-Course Golf Course 



Student Directions: 

1. 




In this case study, you will examine a problem facing all communities — how 
to keep local lakes, streams, and rivers clean. While progress has been made 
in this area, much work still needs to be done. In the scenario below, a fourth 
grade class tries to solve a pollution problem in their community. They discover that the 
solution is not simple. 

Read and discuss the scenario below. Use the Decision Tree Worksheet to help your 
group agree come to decision. Be prepared to defend your position. 




, » u , TiUctzcieaiC is an emaronmi 

l :cla^li|^^i|ill ;i, $ave^Our Streams.* i|l 

titr6eJo<^fiii||iN><>^ creek which flows along ^the ^^^^p||ig^|Dt$ 
"^^^S^^S^^hm mayfly and atonefly nymphs in water sainpy)|i||igii!i|' §§ 
northern $cctioiilip;creek > but there were no mayfly and stonefly nymph|§§§§|^ taken 
further downstream. Instead, they found beetle i*rvae and dragonfly nymphs. Mr. Titfetzclean 

ershed map the class had drawn earlier. The students discovered | ; 
•kCtolf Course ran right along the creek near the south end #to^|/ 

l|ist so happened that Peter's dad was the golf pro at Sparkling Brook, TJl|§ht Peter told 
hlsda^aboutthe class's discovery. His dad explained that some of the fer|g|ii ! ||§|des, § 
a^ pesticides used io keep the grass healthy and looking nice must be running off into the 
small brook that Sows through the property. 

lillltlliltjip^ 

discovered the small brook that ran through the golf course indeed emptied into the crooked 
lllellllhe' students were quite upset After further study it was confirmed that the runoff 

from the golf course was indeed changing the water in the creek just enough so that the 
iiwyfly and stoneny nymphs couldn't survive. "We must Tepoit our discovery to our local 

exclaimed Sarah. H I agree," said Jim "It's not fair that we all have to put up with polluted 
water just so some people can have fun playing golf! I don't even like watching golf on TV." 

"My dad says that the golf course has to use Jots of fertilizers on the greens and water them 
every day to keep them healthy and looking rice," explained Peter. "Also, whhout herbicides 
tom 

get in a horrible condition. People would start going to Salamander County to play golf. Our 
golf course would lose money, and my dad would lose his job!" 

^His dad's not tM only o"e 
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^Restaurant next to the golf course. He st^}3omti^^^^^^^^§M^^^^ ; : : .: | 
opened Maybe we could just get them to move the greens sway from the brook. Then 
•lifee fertilizers won't run offinto the broofc^jMfc?^^ 

new ty|>o of grass that is resistant to in^a and^ire^^ fertilizer and 

water, but it's very expensive.* ktMSjj^ those 
••ItfytWthatBtoBpMdsf ' 
predators instead;' 

.". \ Everybody teemed to have tdeaiiliil^^ 

that maybe it would be beat to doslici^Siiiil^^tt«^ 111 

probably find another job. But tlK^IM^^ 
llialways let the high school go!fteai|iii||^M||e fiee for practices. And V 

since he was thinking of trying out for the golf team some day. well. . . 

lllflfc Tilietzclean finally helped the students narrow the argument down to two chokes: 

•Don't report their hndings, but continue to monitor the creek to make sure me^condii||lll 
' doesn't get any worse, or 2) Report then* fmdmgs and tryillil me golf coursliilii jpng 
1 pesticides and ftjl|§|even if it means large eiqwises fel^^^urse, p|^|^^| 
to close). 

; : " ^'stodeniillllfe^ feeling like they were up a creek without a paBllj^U should 
11||§§ do? Use your Decision Tree and decide which way your group flows. Then answer the . 

1. What is your group's decision? 

2. How would your decision affect the community? 




3 . What is the opportunity cost of your choice? 



4. What are the trade-offs that are involved in this problem? 
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Answers to Selected Teaching Activities 

Activity 4: Decision Time in Bonedry, California. 1 . A worsening scarcity of fresh water for 
the community caused by drought and irrigation needs. 2. Yes. As the price rises, the law 
of demand says that people will purchase/use less. 3. Most — Farmers, poorer people; 
Least — wealthier people 4. Most — people who need large amounts of water and who 
would be willing to pay for it, farmers could also be hurt a lot if they were not rationed 
enough for their crops; Least — poorer people, people who don't use much water 5. 
Answers will vary — see EEE Actions — You Can Make a Difference. 

Activity 5: Is Cleaning Hazardous to Your Health? 1 and 2. The pennies will lose the tarnish, 
but will remain dull. There will not be much difference in smoothness because of the 
solution. 3. Pennies from solution are not shiny like new pennies; but both have no tarnish. 
4. Rub the pennies to give them some shine. 5. Giving up the use of the commercial 
product and, thus, the chance to get very shiny metals. 6. Giving up the use of the vinegar 
solution and the benefits to the environment it provides. 

Activity 9 Decision Tree Model: 

Choice 1: Don 7 Report Findings, but Monitor: Good Points: Golf course doesn't close 
down, restaurant stays open, stream doesn't get worse, people keep jobs. Bad Points: 
Stream stays "polluted." 

Choice 2: Report Findings, with Suggestions: Good Points. Pollution reduced. Bad 
Points : high costs for golf course, possible loss of jobs, possible shut down. 

Five Step Model: 





Bedttan-Miiidng Grid Answer Key 

•• • • ••••••• • • •• • • • • •• 
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Alternatives 


.... 

" 

Effect on 
Environment 


Effect 
on Jobs 


Effect on 
Businesses 






Don't Report 
Findings — Monitor 




+ 


+ 






Report Findings — 
"Stop Fertilizer and 
Pesticides" 


+ 


or 

• 









Important Note: Notice that students cannot simply count the good and bad points. Their final 
decision will hinge on how they weigh/value the criteria (their good and bad points.) 

3. The opportunity cost is the value of the choice they don't select. 

4. The main trade-off is environmental quality versus jobs and economic growth. 
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Overview of Unit 4 



Energy Resources 



Introduction: 

There has been a renewed interest recently in the topic of energy. This interest has not been due 
to an increasing scarcity of energy; indeed, energy resources are currently abundant, and energy 
prices are low. Instead, the renewed interest has been due primarily to concerns about the 
environmental impact of various energy sources, especially the damage attributed to the burning 
of fossil fuels (acid rain, global warming). What are the advantages and disadvantages of different 
sources of energy? Will we run out of energy? Do fossil fuels damage the environment? Is it 
wise to maximize one's energy efficiency? Your students will enjoy studying the answers to these 
and other interesting questions. 



Learning Objectives: 

After completing this unit students will be able to : 

1 . Identify advantages and disadvantages of different energy sources 

2. Apply different economic concepts to energy issues. 

3 . Explain various ways to conserve energy. 



Unit Outline: 

I. 

n. 
in. 



Facts About Energy Resources 

Teaching Instructions and Key Concepts to Emphasize 

Specific Teaching Activities 



A. Sources of Energy 

B . Production of Electricity 

C. Energy Search 

D. Energy Efficiency 

E. Further Explorations 

F. Let's Talk It Over 

G. EEE Actions — You Can Make a Difference! 

H. Case Study — The Case of the Outdoor Lab 

IV. Answers to Selected Teaching Activities 
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Facts About Energy Resources 



Energy Basics 



MEASURING ENERGY: Energy can be defined as the capacity to do work. The unit of 
measurement used to express the heat contained in energy resources is called a British thermal 
unit or Btu. One Btu is the heat energy needed to raise the temperature of one pound of water 
one degree Fahrenheit. A Btu is quite small. For example, if allowed to burn completely, a 
wooden kitchen, match gives off one Btu of energy. A quad is used to measure very large amounts 
of energy. A quad is equal to one quadrillion (1,000,000,000,000,000) Btu's. The United States 
uses an enormous amount of energy — about one quad of energy every 4.5 days! 

ENERGY SOURCES: There are many primary energy sources used in the United States, 
including petroleum, coal, natural gas, nuclear, hydropower, propane, geothermsl, wind, solar, 
and biomass. Figure 3-1 shows the breakdown by energy source. 



These primary energy sources are classified as renewable or nonrenewable. Renewable energy 
sources are those that can be replenished quickly or that are nondepletable. Examples include 
solar, hydropower, wind, geothermal, and biomass. Nonrenewable energy sources are finite. 
Examples are fossil fuels, such as coal, petroleum, and natural gas. 



Figure 3-1 

U.S. Consumption of Primary Energy (1991) 

(Percent) 




Hydropower, 
Geothermal, 
and Other - 4.0% 



Nuclear 
8.0% 
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ELECTRICITY: Electricity is a secondary energy source, which means that we must use 
primary sources to produce it. About 28 percent of all primary energy consumed in the United 
States is used to power generators which produce electricity. Coal, nuclear, hydropower, natural 
gas, and petroleum are the top five primary sources for producing electricity, with coal (over 75 
percent) being by far the largest source. Unlike the primary energy sources, electricity is not 
classified as renewable or nonrenewable. 

TRENDS IN UNITED STATES ENERGY CONSUMPTION: As the economy and population 
of the United States have grown, so has energy consumption. However, this increase has been 
marked by remarkable increases in energy efficiency. For example, in 1989, the United States 
consumed about nine percent more energy that it did in 1973; however, the value of the nation's 
real gross domestic product GDP (the total value of all the goods and services produced in the 
economy in a year) was 50 percent higher! The United States has improved its energy/GDP ratio 
as fast or faster than other developed countries. This improvement in energy efficiency was 
primarily a response to the rapid increases in crude oil prices in the 1970s. 

Renewable Energy Sources 

RECENT TRENDS: In the 1970s, the federal government's renewable energy program grew 
rapidly to include not only basic and applied research and development (R & D), but also 
participation in private sector initiatives. In the 1980s, this interest waned as the price of oil fell. 
In constant dollar (real) terms, government spending for R & D in renewable energy declined 90 
percent, from a peak of $875 million in 1979, to a low of $84 million in 1990. In 1990, this trend 
was reversed. Constant dollar R&D spending in 1992 was $146 million, and it appears likely 
there will be additional funding for additional renewable energy programs. This funding increase 
reflects fear of environmental damage, especially acid rain and global warming, from burning 
fossil fuels. 

To what extent the United States continues to subsidize the development of renewable energy will 
be a subject of much future debate. 

RENEWABLE ENERGY SOURCES: The following information identifies basic facts about four 
renewable energy sources and lists some advantages and disadvantages of each. 

Solar Energy : Solar energy is produced in the core of the sun. In a process called nuclear 
fusion, the intense heat in the sun causes hydrogen atoms to break apart and fuse together to 
form helium atoms. A very small amount of mass is lost in this process. This lost matter is emitted 
into space as radiant energy. Less that one percent of this energy reaches the earth, yet it is 
enough to provide all of the earth's energy needs. The sun's energy travels at the speed of light 
(186,000 miles per second) and reaches the earth in about eight minutes. Capturing the sun's 
energy is not easy, since solar energy is spread out over such a large area. The energy a specific 
land area receives depends on factors, such as time of day, season of the year, cloudiness of the 
sky, and proximity to the equator. 

One primary use of solar energy is home heating. There are two basic kinds of solar heating 
systems: active and passive. In an active system, special equipment (such as a solar collector) is 
used to collect and distribute the solar energy. In a passive system, the home is designed to let in 
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large amounts of sunlight. The heat produced from the light is trapped inside. A passive system 
does not rely on special mechanical equipment. 

Another primary use of solar energy is producing electricity. The most familiar way is using 
photovoltaic (PV) cells, which are used to power toys, calculators, and roadside telephone call 
boxes. The other primary way to produce electricity is using solar thermal systems. Large 
collectors concentrate the sunlight onto a receiver to superheat a liquid, which is used to make 
steam to power electrical generators. 



Advantages of Solar Energy Disadvantages of Solar Energy 

* Unlimited supply * Maybe not cost effective 

* No air or water pollution * Storage and backup are necessary 

* Reliability depends on availability of sunlight 

* Very land intensive 



Hydropower . Hydropower is energy that comes from the force of moving water. Hydropower is 
a renewable energy source because it is replenished constantly by the fall and flow of snow and 
rainfall in the water cycle. As water flows through devices, such as a water wheel or turbine, the 
kinetic (motion) energy of the water is converted to mechanical energy, which can be used to 
grind grain, drive a sawmill, pump water, or produce electricity. 

The primary way hydropower is used today in the United States is to produce electricity. In 1992, 
hydropower provided 8.5 percent of the nation's electricity. Although a hydroelectric power plant 
is initially expensive to build, in the long run it is the cheapest way to produce electricity, primarily 
because the energy source, moving water, is free. Recently, many people have built smaller 
hydroelectric systems that produce onty enough electricity to power a few homes. 



Advantages of Hydropower 


Disadvantages of Hydropower 


* Abundant, clean, and safe 


* Significant environmental impact 


* Easily stored in reservoirs 


* Water supply is needed 


* Relatively inexpensive way to produce 


* Best sites for dams already developed 


electricity in the long run 




* Recreational benefits like boating, fishing, etc. 



Wind Energy : Wind is air in motion. It is caused by the uneven heating of the earth's surface by 
the sun. Wind power has been used for thousands of years to convert the wind's kinetic (motion) 
energy into mechanical energy for grinding grain or pumping water. Today, wind machines are 
used increasingly to produce electricity. 
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The two most common types of wind machines used for producing electricity are horizontal and 
vertical. Horizontal machines have blades that look like airplane propellers. Vertical machines 
look like giant egg-beaters. The vertical machines are easier to maintain, can accept wind from 
any direction, and don't require protective features to guard against high winds. However, 
horizontal machines produce more electricity, and for this reason are used far more than their 
vertical counterparts. 



Most electricity production occurs on large wind farms. Most wind farms are 
not owned by public utility companies. Instead, independent producers, who 
operate the farms, sell electricity back to utility companies for distribution. The 
Public Utility Regulatory Policies Act (PURPA) requires utility companies to 
purchase electricity from independent energy producers at fair and 
nondiscriminatory rates. In 1990, wind energy provided the United States with 




about 0.10 percent of its total electricity, with California producing 98 percent WIND 
of this amount. Many predict that wind energy will provide much more of our 
future electrical production. 



Advantages of Wind Energy 


Disadvantages of Wind Energy 


* A "free" source of energy. 


* Requires constant and significant amounts 


* No water or air pollution. 


of wind. 


* Wind farms are relatively inexpensive 


* Wind farms require large tracts of land. 


to build. 


* Can have a negative visual impact on 


*\Land around wind farms can have other 


landscapes. 


uses. 


* Risk to endangered birds of prey. 



Biomass : Biomass is any organic substance that can be used as an energy source. The most 
common examples are wood, crops, seaweed, and animal wastes. Biomass has been used for 
thousands of years and is the oldest known energy source. It is a renewable energy source 
because its supply is unlimited — more can always be grown in a relatively short time. 

All biomass is converted solar energy. The energy is stored in biomass through the process of 
photosynthesis, in which plants combine carbon dioxide, water, and certain minerals to form 
carbohydrates. The most common way to release the energy from biomass is burning. Other less 
used ways are bacterial decay, fermentation, and conversion. 

There are four main types of biomass: (1) wood and agricultural products, (2) solid waste, (3) 
landfill gas, and (4) alcohol fiiels. Wood is by far the most common form, accounting for about 90 
percent of all biomass energy. Burning solid waste is a common practice, and people have done it 
for thousands of years. What is new is burning waste to produce electricity. Waste-to-energy 
power plants operate like a traditional coal plant, except garbage is used to produce steam to run 
the turbines. Although it typically costs more to produce electricity using biomass, the great 
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advantage is that it reduces the amount of waste entering landfills. Some people have 
environmental concerns about waste-to-energy plants, but because it is becoming increasingly 
difficult to determine sites for landfills, these plants are an increasingly attractive option. 



The methane produced in landfills by the decay of organic matter is another source of biomass 
energy. Because of today's low natural gas prices, the methane ("biogas") produced in landfills is 
usually burned at the site. However, some individuals have devised more efficient uses. A landfill 
owner in Indianapolis uses the methane to heat his greenhouse, thus reducing the operating costs 
of his on-site nursery business. 

Com, wheat, and other crops can be used to produce a variety of liquid fuels. The most common 
are ethanol and methanol. Today these are relatively high cost fuels, and the price of oil would 
have to double to make them a cost effective optidn. However, a mixture of 10 percent ethanol 
and 90 percent gasoline produces a fuel called gasohol. Gasohol is much more cost competitive 
and can be used in a traditional gasoline engine. It also has a higher octane rating than gasoline 
and is cleaner burning. 

Advantages of Biomass Disadvantages of Biomass 

* Abundant and renewable * Air pollution from burning biomass 

* Way to dispose of solid waste * May not be cost effective 



Nonrenewable Energy Sources 

RECENT TRENDS: The United States depends very heavily on nonrenewable energy sources. 
Coal, natural gas, petroleum, and nuclear energy together accounted for over 95 percent of the 
energy consumed in the United States in 1992. The three fossil fuels accounted for over 87 
percent of that amount. The main reason the use of renewable energy has not increased 
significantly is that nonrenewable energy sources are abundant and relatively inexpensive. This 
pattern will continue in the foreseeable future, as new technologies make nonrenewable energy 
exploration and production more efficient. 

NONRENEWABLE ENERGY SOURCES: The following information identifies basic facts 
about four nonrenewable energy sources and lists some advantages and disadvantages of each of 
them. 

Coal : Coal is our most abundant fossil fuel. We have more coal reserves than any other nation, 
enough to last over 300 years at today's rate of use. Coal is used to make 56 percent of the 
electricity produced in the United States, with electric power plants using over 80 percent of all 
the coal used. 

There are three major types of coal: lignite, bituminous, and anthracite. They are classified by 
hardness, with lignite being the least hard and anthracite the most hard. The harder the coal, the 
more efficient it is as a heat source. There are two basic ways to mine coal: surface (strip) 
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mining and underground mining. Surface mining is used when coal is found close to the 
surface. It is used to mine over 50 percent of the coal in the United States. Underground mining is 
used to extract coal lying deep beneath the surface. It is more dangerous than surface mining, so 
there are many regulations to ensure worker safety. 

The two biggest environmental concerns with coal are the effects of mining and air pollution. 
Although coal mining does alter the landscape, federal law requires all mined land to be restored 
to a land use classification that is equal to or better than its original condition. A company must 
file an extensive reclamation plan before any mining can take place. 

The biggest air pollution concern is with the two byproducts of coal combustion: sulfur dioxide 
gas and ash particles. When mixed with other chemicals, sulfur dioxide can be a health hazard. 
Also, sulfur dioxide combines with nitrogen compounds to form acid rain, which can damage 
lakes, forests, and streams. To reduce emissions, companies clean coal before it is burned, 
increase combustion effiency, burn higher grade coal, and remove pollutants (often with 
scrubbers) after the coal is burned. Ash particles fly into the air when coal burns, so companies 
use special devices to trap the particles in the smoke stack. 



Advantages of Coal 


Disadvantages of Coal 


* Abundant and cheap 


* Considered a "dirty" fuel 


* United States has large supplies 


* Can have negative impact on environment 


* A "compact" heat source 


* Burning releases carbon dioxide, with a 




potential effect on global warming 



Petroleum : The United States consumes more petroleum (41 percent) than any 
other source of energy. The three biggest sector users of petroleum in 1992 were 
transportation (68 percent), industry (25 percent), and home and businesses (7 
percent). About 6,000 products are made from petroleum. To be made into 
gasoline, petroleum is refined. Refining removes unnecessary sulfur from oil, 
which increases gasoline efficiency and reduces pollution. 

The largest oil producer in the world in 1992 was Saudi Arabia, followed by the 
former Soviet Union, the United States, Iran, and China. The former Soviet Union used to be the 
largest producer, but recent political upheaval has hampered production. In 1992, net imports of 
petroleum equaled 41 percent, up from 30.05 percent in 1985 The OPEC nations are major 
suppliers, the leading nation being Saudi Arabia. 

Oil is found using seismic technology. Special instruments, called seismographs, record reflected 
sound waves created by explosives. These waves give a rough picture of the geological 
formations and rock layers, providing clues about possible oil deposits. Exploring for oil is very 
risky, with 19 out of 20 wells turning up dry. For this reason, low oil prices, while beneficial for 
consumers, greatly discourage exploration and production. 





Oil shale is sedimentary rock containing an oil-like compound. The United States has substantial 
oil shale reserves; however, the current price of oil would have to more than double to make shale 
oil recovery competitive with other sources of energy. 



Advantages of Petroleum 


Disadvantages of Petroleum 


* Abundant 


* Contributes to pollution 


* Easy to use 


* United States must import over 40 percent 


* Relatively cheap 


of supply 




* Price can fluctuate greatly because of OPEC 




control of large oil supplies 



Natural Gas : Natural Gas is a colorless, odorless gas composed mainly of methane, a natural 
compound formed when plant and animal matter decays. Natural gas is found trapped 
underground in porous rocks and is reached by drilling. Companies add an odorant to give natural 
gas its characteristic smell. 

In the last 25 years, the .use of natural gas in the United States has grown significantly, and 
currently accounts for 25 percent of total primary energy consumption. The United States 
produces about 90 precent of its natural gas, which is nearly 25 percent of the world's total 
production. Experts estimate that, at current rates of consumption, the United States has at least a 
50 year supply. 

Industry is the largest consumer of natural gas, which is used primarily to fuel boilers in 
manufacturing. The residential sector is the second largest user. About seven out of ten homes in 
the United States are warmed with natural gas. Electric utility companies also use much natural 
gas. After coal and nuclear energy, natural gas is the third leading fuel for electricity 
production. A major advantage of natural gas as a primary energy source is that it is 
relatively safe for the environment. It is cleaner burning than coal and petroleum and 
emits no sulfur dioxide or ash particles. Natural gas can also be used for 
transportation. It burns clean, is safe to use, and has a reasonable cost. 

Natural gas is transported primarily by pipeline. It can be converted into a liquid and 
then transported by ship throughout the world. The liquid state of natural gas 
occupies far less space than the gas. 

When consumers pay their gas bills, they are paying for exploration, drilling, leasing of land, 
operating costs, depreciation, return on investment, and taxes. In fact, taxes make up 
approximately 30 percent of the retail gas price. 
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Advantages of Natural Gas 


Disadvantages of Natural Gas 


* Abundant supply 


* Difficult to store and transport in gas form 


* Relatively inexpensive 


* Drilling/Exploration is expensive and time 


* Clean burning — low pollution 


consuming 



Nuclear Energ y: The basic substance used to produce nuclear energy is uranium, an abundant, 
nonrenewable resource. A ton of uranium ore in the United States typically contains three to four 
pounds of uranium. In this country, uranium is produced mainly in New Mexico and Wyoming. In 
addition, about 35 percent of our uranium is imported. At current rates of consumption, uranium 
reserves are estimated to last over 500 years. 



Uranium is not burned to produce energy. Instead, large amounts of energy are released when the 
tiny uranium atoms are split. In size, an atom of uranium compares to an apple, 
as an apple compares to the earth. 

About eight percent of total United States primary energy consumption comes 
from nuclear energy, which is used almost entirely to produce electricity. In 
1992, nuclear energy generated 22 percent of the electricity in the United States. France, Belgium, 
and the Republic of Korea rely on nuclear energy for more than 50 percent of their electricity. 

In the United States, all nuclear power plants must obtain a permit to begin construction and later 
must obtain a license to begin operations. The Nuclear Regulatory commission is the agency 
responsible for licensing. Obtaining a new license is a lengthy process, and local hearings are held 
so that residents can express their opinions. The average time needed to complete the 
construction of a nuclear plant and put it into operation in the United States is 14 years. The 
lengthy licensing procedure, coupled with environmental, safety, and economic concerns has 
contributed to the decline in the number of planned nuclear plants. Since 1977, no orders for new 
plants have been announced. 



Advantages 


Disadvantages 


* Uranium is abundant and inexpensive 


* Potential dangers of exposure to radiation 


* Reduces dependence on foreign oil 


* No set method for disposing of radioactive 


* No air pollution, since fuel is not burned 


wastes 




* High initial construction, finance, and 




licensing costs 



ENERGY EFFICIENCY VERSUS ECONOMIC EFFICIENCY: Economists are concerned 
with the overall economic efficiency of the economic system. This means getting the greatest 
benefit from all of our scarce productive resources. Energy efficiency, a narrower concept, 
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means getting the greatest benefit from our energy resources. Sometimes these goals conflict. For 
example, we could make automobiles today that average more than 100 miles per gallon. This 
would result in better energy conservation, but would we be willing to pay the cost in terms of 
lack of power, crash protection, and load capacity? 

THE ROLE OF PRICE IN GUIDING DECISIONS ABOUT ENERGY: In market economies, 
resource allocation is guided primarily by market prices. These prices help society determine 
answers to the crucial questions of what, how, and for whom to produce. However, in the area of 
energy policy, many advocate significant levels of government intervention in energy markets. The 
intervention often takes the form of subsidies for the development of alternative energy sources 
which currently may not be cost effective. 

For example, the market price of oil is currently about $1 5 a barrel. This price is high enough for 
oil producers to make a profit. At this price, oil is also relatively inexpensive for consumers, who 
enjoy many benefits from this valuable source of energy. The relatively low market price of oil 
indicates that oil is currently an abundant source of energy. Should the government subsidize 
more expensive forms of renewable energy, given the low price of oil (and other fossil fuels)? 

Proponents contend that subsidies are necessary to help reduce our dependence on finite fossil 
fuels. Proponents also point out that relying more on renewable energy will reduce our 
dependence on foreign oil suppliers, and will result in less pollution of the environment. 

Subsidy opponents argue that we will never "run out" of fossils fuels. As fossil fuels become more 
scarce, their market price will rise, encouraging consumers to use less. The higher price also will 
make it profitable for energy companies to invest in new fossil fuel production technologies and to 
invest in alternative energy sources, including renewable energy. This simultaneous decrease in 
the quantity of energy demanded and increase in the quantity of energy supplied occurs 
automatically, without costly and inefficient government intervention. Opponents of subsidies 
agree with subsidy proponents that the environmental costs of fossil fuels should be reflected in 
their price, and that this should be an important consideration when dealing with this issue. 
Opponents contend that the best way to lessen the danger of a cut-off in foreign supplies is to 
build a strategic petroleum reserve. 

The issue of the development of alternative energy sources is a complicated one. The key point to 
remember is that there is an opportunity cost to every economic decision. Using tax revenues to 
subsidize alternative energy means giving up some other valuable use for those revenues. In 
energy policy, as in all public policy, decision makers must consider all the opportunity costs 
when determining trade-offs among different policy goals. 
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Teaching Instructions ^ 

Overview: 

As in the other units, you will probably want to do the Case Study toward the end of the 
unit, when students have mastered much of the basic information. Some of the basic information 
to teach your students is found in the preceding Fads About Energy Resources section. Other 
information is available from a variety of resources, many of which are listed in the Resources 
section. An especially valuable resource is the National Energy Education Development (NEED) 
Project, P.O. Box 2518, Reston, VA 22090. 

Important Concepts to Emphasize: 

1. There Are No Free Sources of Energy. It takes scarce productive resources to provide 
every type of energy, even "free" sources, such as wind and solar power. 

2. There are Advantages and Disadvantages to Each Energy Source: Each source of 
energy has certain advantages and disadvantages. This makes the choice of which energy 
source to use difficult and sometimes controversial. 

3. Energy Conservation Means More Than Just Not Using Our Energy Resources: 

Conservation means making sure that society gets the most out of all its scarce productive 
resources, including energy resources. For example, we want to conserve oil so that we 
get the maximum benefit from our finite supplies. We could "conserve" oil by never using 
it, but that would mean giving up all the valuable uses that oil provides. We should 
manage our scarce energy (and other natural resources) to provide the greatest net benefit 
to present and future generations combined, after considering all of the costs and benefits 
involved, including the environmental costs. 

4. The Price of an Energy Resource Reflects its Relative Scarcity: Engery resources, 
which are relatively more scarce, cost more than those which are relatively less scarce. 

5. We Will Never Run Out of Oil or Any Other Nonrenewable Resources: This doesn't 
mean we can use energy sources without thought for tomorrow. Rather, it means that as 
an energy source becomes increasingly scarce, its market price will rise, discouraging 
consumption and encouraging production of alternative energy sources. For example, 
during the 19th century, whalers nearly drove some species of whales to extinction. As 
this happened, the market price of whales and whale products inevitably rose. Whale oil 
became so expensive that petroleum became commercially feasible, and whale oil lamps 
were phased out in favor of cheaper kerosene. The survival of the whales was aided by the 
free market response to their increasing scarcity. The same dynamics will take place in the 
future in oil markets. As oil becomes increasingly scarce, its market price will rise, 
discouraging consumption, and encouraging the use of other energy sources. 
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Activity 1 

Sources of Energy 
Teaching Objectives: After completing this activity, students will be able to: 

1 . Identify two groups of energy resources. 

2. Identify the advantages and disadvantages of various energy sources. 

3. Explain why energy resources are considered scarce. 

4. Explain that informed energy decisions require an understanding of specific energy 
resources, and when a choice is made to use a particular energy resource, there are always 
trade-offs. > 

Time Allowed: • Two 30-minute sessions 

Materials: • Resources (textbooks, pamphlets, etc.) on energy resources 

• Energy Facts Cards (make with index cards) 

• Decision Tree or Five-Step Model worksheets (pgs. 19-21) 

• Energy Resources Worksheet 

Vocabulary/Concepts: 

• Energy , the capacity to do work. 

• Renewable Energy: energy resources that are "unlimited" in supply because they can be 
replenished. 

• Nonrenewable Energy: energy resources, such as fossil fuels, that are limited in supply. 

• Hydropower: energy that comes from the force of moving water. 

• Fossil Fuels fuels such as petroleum, coal, and natural gas, which are formed by the 
compacting of decayed animal and plant materials. 

• Wind Energy: energy that comes from the movement of air. 

• Nuclear Energy: energy from the nucleus of an atom that is released through fission. 

• Solar Energy: energy that comes from the sun. 

• Price: the amount people pay to buy a good, service, or productive resource. Price is a 
reflection of how scarce something is relative to other things. 

• Trade-Off s: giving up some of one thing in order to get more of another. 
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Energy resources are scarce resources — they are not freely available in unlimited quantities. 
Energy is required in all production and consumption. To produce energy, requires scarce 
productive resources (natural, human, and capital). The price of an energy resource reflects its 
relative scarcity. Resources which are more scarce generally cost more than resources which are 
less scarce. The different energy resources have distinct advantages and disadvantages, which 
must be considered when deciding which energy source to use in a particular situation. 

Teaching Procedure: 

Introduce Vocabulary and Basic Concepts 

1 . Write the word "Energy" on the board or chart paper. Ask students to identify different 
primary energy sources. Briefly discuss these primary energy sources as you write them 
on the board. Write them on the board according to the pattern on the web/concept map 
below. You can add picture clues as you go along. Do not write the words Renewable. 
Nonrenewable, or Fossil Fuels . 




2. Ask students if they can explain how you grouped the energy sources. Is there a pattern? 
Explain the concepts of renewable and nonrenewable energy sources and fossil fuels. 

3. Ask students which energy source they think is "best." Discuss student responses. Explain 
the need "to know more" in order to decide what energy source to use. Explain that 
students will form research teams to find out more about each energy source. 

Procedure 

1 . Divide the class into cooperative groups of seven. Once in their groups, assign each 

student to an "expert group," either coal, nuclear, solar, petroleum, natural gas, wind, or 
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hydropower. Tell students that they will gather information in their expert group and 
report back to their original cooperative group. 

2. Give each expert group copies of the Energy Facts Cards. This is just basic information. 
Additional information should be made available from student textbooks, encyclopedias, 
and other sources. (Set Resources section.) 

3. After a period of time, student "experts" report back to their original group to share 
information. After each "expert" reports, students should complete the Energy Resources 
Worksheet on advantages and disadvantages of each energy source. 

4. The teacher should review the information with the entire class. A transparency of the 
worksheet may be helpful. Elaborate on the advantages and disadvantages of the different 
energy sources. In your discussion, explain/review the economic concepts of scarcity, 
price, and trade-offs. Use the questions in the Key Questions to Ask Students below. 

Follow-up Activity with the Decision Tree 

1 . Review how to use the Decision Tree or Five-Step Models (pgs. 16-18). 

2. Divide the class into new groups of three to four students. Give each group two Energy 
Facts Cards. Have the group discuss which energy source they would choose for their 
community. Students should discuss the advantages and disadvantages of each source and 
fill in a Decision Tree Five-Step Model decision grid. 

3 . Share group decisions with the rest of the class. 
Key Questions to Ask Students: 

1 . Why is energy considered scarce? (It is not freely available in unlimited quantities. It 
takes scarce productive resources to produce energy. Energy, therefore, has a price, and 
both producers and consumers must pay to get it.) 

2. What does the price of a good, service, or resource tell us? (The price tells us how scarce 
an item is.) 

3 . What are the things (criteria) one must consider when trying to choose the best energy 
source? (Price/cost, pollution effects, environmental impact, reliability, safety, availability, 
aesthetic effects, etc.) 

4. Which criteria in question 3 are most important? (It depends on the situation and the 
particular values of those making the decision.) 

5. What does trade-off mean? (When making a choice, giving up some of one thing to get 
some of another. 

6. Suppose your state built a coal power plant instead of a solar power plant What would 
be some of the trade-offs? (Giving up some environmental benefits, but gaining an 
abundant, reliable, and relatively cheap source of energy.) 
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Bulletin Board Ideas: 

1 . Create a collage of the word web/concept map that was discussed in class. Add a picture 
and have card listing advantages and disadvantages next to each energy source. 

2. Make an "Energy in the News" display using newspaper and magazine articles. Highlight 
basic facts and main ideas. Later assign students to this task. 

Student Journal Ideas: 

1 . Write a paragraph/story about the "perfect" energy source. What would it be like? Why 
would it be better than current sources? Give a name to this new source. 

7 

2. Describe energy use in the "Society of the Future." 
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ENERGY FACTS CARDS 



Solar Energy 



Advantages 

Unlimited supply 
No air pollution 
No water pollution 



Disadvantages 

Storage needed 
Backup energy source needed 
Reliability depends on sunlight 
Can be very costly to produce 
Very land intensive 



Hydropower 



Advantages 

Easily stored in reservoirs 
Fairly inexpensive 
Offers water recreation 
Abundant, clean, and safe 



Disadvantages 

Requiers a water supply 
Dams and reservoirs can 
disrupt environment 
Best sites already developed 



Wind 



Advantages 

No air or water pollution 
Fairly inexpensive to build 
"Free" source of energy 
Land around wind farms can be 
used for other purposes 



Disadvantages 

Needs constant and large amounts 
of wind 

Requires large amounts of land 
Some wind farms cause "noise 

pollution" 
Negative visual effect on the landscape 



Natural Gas 



Advantages 



United States has abundant supply 
Relatively inexpensive 
Not much pollution 



Disadvantages 

Difficult to store and transport in 
gas form 

Drilling and exploration is expensive 
and time consuming 
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Petroleum 



Advantages Disadvantages 

Abundant source worldwide Air pollution 

Easy to use Must import about half of our supply 

Relatively cheap Price can change rapidly because of 
Used to produce many products OPEC control 



Nuclear 

Advantages Disadvantages 

No air pollution Costly to build, especially because of 

Fuel costs are low many safety regulations 

Abundant uranium supplies Thermal pollution 

Public concern for safety 
Must determine how to dispose of 
radioactive waste 




Advantages 

Our most abundant fossil fuel 
More compact heat source 

than wood 
A low cost fuel 



Coal 

Disadvantages 

Considered a "dirty" fuel 

Air pollution/acid rain concerns 

Possible negative visual effects on 

environment — strip mining 
Hazzards of coal mining 
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Energy Resources Worksheet 




Renewable Energy Resources: 

Solar Advantages — 

Disadvantages — 

Wind Advantages _ 

Disadvantages _ 

Hydropower Advantages _ 

Disadvantages _ 

Nonrenewable Energy Resources 

Nuclear Advantages _ 

Disadvantages _ 

Coal Advantages _ 

Disadvantages _ 

Petroleum Advantages 

Disadvantages - 

Natural Gas Advantages 

Disadvantages 
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Activity 2 

Production of Energy 

Teaching Objectives: After completing this activity, students will be able to: 

1 Explain the importance of energy in both production and consumption. 

2. Identify nonrenewable and renewable energy sources as primary energy sources and 
electricity as a secondary energy source. 

3 . Explain the process of electricity generation. 

4. Explain what factors influence which energy source will be used in a certain state or 
region. 

Time Allowed: • Two 30-minute sessions 

1 . Introduction and Electricity Generation 

2. Map Exercise 

Materials: • Copies of U.S. map and Energy Sources Information Sheet 

Vocabulary/Concepts: 

• Consumers: buyer and users of goods and services. 

• Imports: goods or services purchased from other countries. 

• Primary Energy Sources: direct energy sources, such as coal, oil, uranium, natural gas, or 
wind. 

• Producers: those who use productive resources to make goods and services. 

• Productive Resources: the inputs (natural, human, and capital) needed to produce goods and 
services. 

• Secondary Energy Source: an energy source, such as electricity, that is produced using a 
direct energy source. 

All producers and consumers use energy. Energy sources that are used directly (such as coal, oil, 
uranium, natural gas, wind, etc.) are called primary energy sources. Energy sources, such as 
electricity, which are produced from primary energy, are called secondary energy sources. Since 
it takes scarce productive resources to produce energy, it is not freely available in unlimited 
quantities. Energy is, thus, considered a scarce resource, and both consumers and producers must 
pay to obtain it. The type of energy used in a state or region depends on several factors, including 
the market price of energy resources, regional availability, government regulations, and political 
factors. 




Teaching Procedure: 



Introduction to Electricity Generation 

1 . Construct a word web/concept map on energy using the blackboard or chart paper. 
Initiate the discussion with this statement: "Energy exists in every produced item." Have 
students look around the room to name items which use energy or were produced by the 
use of energy. Group items around categories of: lighting, heating/cooling, machines 
(clock or computer), and the manufacture of goods (desk, chair). 

2. Explain the difference between a primary source of energy (coal, uranium, oil, wind, 
etc.) and a secondary source (electricity). Discuss whether energy should be considered 
scarce* (Yes, it takes scarce productive resources to produce. It is not freely available in 
unlimited quantities. One must pay to obtain it.) 

3. Place the diagram of electricity generation on the blackboard or overhead or photocopy it 
and give it to each student. Explain that primary sources, such as coal, oil, uranium (in a 
reactor), or natural gas, are used to generate heat and steam. Other primary sources, such 
as wind and water, turn the turbine directly. Explain how the turbine turns the 
electromagnet in the generator to produce electricity, which is a secondary energy source. 




4. Let students use motions to represent various steps in electrical generation. Steps could 
include mining, refining, transporting, generation, transmission etc. Put signs on students 
identifying what part of the process each student represents. 

Map Activity 

1 . Pass out the U.S. maps and Energy Sources Information Sheet. Identify each state. 
Students then color code the map to show what type or primary energy is used most to 
generate electricity in that state. 

2. After the students have completed the map, discuss why certain types of energy are used 
in certain states and regions. What source is used most? (Coal.) What factors, besides the 
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local availability of the energy resource, could influence the type of energy used? (Market 
price of different energy sources, government regulations, transportation costs, political 
factors.) If a state did not have enough electricity generated locally, what could it do? 
(Import electricity from another state, region, or country.) 

Teaching Tips: 

1 . Use a pinwheel to illustrate how a turbine works. 

2. For younger students, use maps which have state names. 
Key Questions to Ask Students: 

1. "All producers and consumers use energy. 9 ' True or False? (True! Have students give 
examples.) 

2. Why is energy considered a scarce resource? (It is not freely available in unlimited 
quantities. It takes scarce productive resources to produce it. One must pay to obtain it.) 

3 . What is the difference between a primary and secondary energy source ? (Primary 
sources are direct renewable or nonrenewable sources that are used to produce secondary 
sources such, as electricity.) 

4. Why does a state use a particular primary energy source to generate electricity? (States 
typically use primary sources that cost less because they are available locally.) 

Bulletin Board Ideas: 

1 . Recreate the electricity generation diagram. Put the names of the different primary energy 
sources on index cards and place them where the energy is used in the generation cycle. 
(Example: put a "wind" index card near the turbine, an "oil" card near the heat source, 
etc.) Have students write descriptive paragraphs explaining how electricity is generated. 
Put these on the bulletin board. 

Student Journal Ideas: 

1 . Explain the difference between primary and secondary energy sources. 

2. Draw a picture showing how electricity is generated. 

3. Write a paragraph explaining why you agree or disagree with this statement: "There is a 
lot of energy. Energy is not a scarce resource." 
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Energy Sources Information Sheet 



Primary Energy Sources Used Most to Generate Electricity by State: 



Alabama 


Coal 


New Hampshire 


Nuclear 


Alaska 


Natural Gas 


New Jersey 


Nuclear 


Arizona 


Coal 


New Mexico 


Coal 


Arkansas 


Coal 


New York 


Nuclear 


California 


Natural Gas 


North Carolina 


Coal 


Colorado 


Coal 


North Dakota 


Coal 


Connecticut 


Nuclear 


Ohio 


Coal 


Delaware 


Coal 


Oklahoma 


Coal 


District of Columbia 


Petroleum 


Oregon 


Hydroelectric 


Florida 


Coal 


Pennsylvania 


Coal 


Georgia 


Coal 


Rhode Island 


Hydroelectric 


Hawaii 


Petroleum 


South Carolina 


Nuclear 


Idaho 


Hydroelectric 


South Dakota 


Hydroelectric 


Illinois 


Nuclear 


Tennessee 


Coal 


Indiana 


Coal 


Texas 


Coal 


Iowa 


Coal 


Utah 


Coal 


Kansas 


Coal 


Vermont 


Nuclear 


Kentucky 


Coal 


Virginia 


Nuclear 


Louisiana 


Natural Gas 


Washington 


Hydroelectric 


Maine 


Nuclear 


West Virginia 


Coal 


Maryland 


Coal 


Wisconsin 


Coal 


Massachusetts 


Petroleum 


Wyoming 


Coal 


Michigan 


Coal 






Minnesota 


Coal 






Mississippi 


Nuclear 


Source: State Energy Data Report, 1991 


Missouri 


Coal 


Energy Information Administration. 


Montana 


Coal 






Nebraska 


Coal 






Nevada 


Coal 
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Activity 3 



Energy Search 
Teaching Objectives: After completing this activity, students will: 



1 . Identify and define the three basic productive resources. 

2 Explain that the search for energy sources will necessarily impact the environment. 

3. Explain why the cost of finding and extracting energy resources eventually increases. 

4. Predict that as the cost of fossil fuels increases, other energy sources will be used. 

5. Explain why we will never "run out" of nonrenewable energy resources. 



Time Allowed: 



30 minutes 



Materials: 



• Four colors of beads (100 black, 6 red, 20 white, 74 blue) 

• Several tablespoons of cornmeal 

• 1/4 cup of oatmeal 



Vocabulary: 

• Scarcity: the condition of not being able to have all of the goods, services, or productive 
resources that you want. Energy is considered scarce because it is not freely available in 
unlimited quantities. 

• Price: the amount people pay to buy z good, service, or productive resource. Prices reflect 
relative scarcity . Items which are more scarce generally cost more than those which are not. 

• Productive Resources: the inputs (natural, human, and capital) needed to produce goods and 
services. 

Energy is used in all production and consumption. Energy resources are scarce natural 
resources, and must be extracted from nature to be used. Locating and extracting energy 
resources will always impact the environment to some degree. Repairing environmental damage 
increases the cost of producing energy. 

There are still vast quantities of nonrenewable energy resources in the earth's crust. Hov/ever, as 
companies search for and extract energy resources, it typically becomes more costly, since the 
resources are more difficult to find, are located in more inaccessible places, etc. If a nonrenewable 
resource becomes relatively more scarce, its market price will rise, causing consumers to use 
less and giving producers an incentive to develop alternative energy sources. This is why we will 
never "run out" of energy. 
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Teaching Procedure: 



1 . While students are out of the room, randomly scatter the beads, cornmeal, and oatmeal. 
Hide some of the beads and cornmeal under items to make them more difficult to find. 

2. Divide the class into six energy companies. Each company will search for a specific 
material (color of bead, oatmeal, or cornmeal). Explain that you have thrown an unknown 
quantity of energy resources in the classroom. Students must recover as much as possible 
within a given period of time. Let the companies meet to discuss "mining" strategies. 

3. Have companies conduct a one-minute energy search. Then reassemble the companies. 
Have them count their beads or measure the amount of oatmeal or cornmeal. Record the 
totals for each company on the blackboard or overhead. 

4. Start a second one-minute search for any resources not yet found. Each comp any must 
make a new pile of any newly found resources . Reassemble and record totals. 

5. Start a third one-minute search and record results. 

6. Discuss questions in the Key Questions to Ask Students section below. 
Teaching Tips: 

1 . If you increase the number of beads, keep them in the same proportions. 

2. The beads can represent specific energy sources: black — coal; white — natural gas; 
red — uranium; blue — petroleum; cornmeal — solar; oatmeal — hydropower. The 
cornmeal is difluse and hard to gather. This represents the high cost (in terms of 
productive resources) of producing solar energy. Until these costs decrease, solar will not 
be as widely used as other sources. 

3. If any company gathers some other colors, do not interfere or comment. 

4. Adjust the amount of search time if students locate the beads too quickly. 
Key Questions to Ask Students: 

1 . What productive ; esources were used in your energy search? (Mainly labor. In real life, it 
also takes a lot of capital, such as drilling equipment, etc.) 

2. What do you notice about the piles of beads? (They are smaller in each round.) 

3 . Which search cost your company more? Why? (The second and third. The beads were 
harder to find. In the same amount of time, we gathered less. People may not have looked 
as hard.) 

4. What made the beads easier or more difficult to find. Was it the availability of the beads 
or the skill of the searchers? (Beth are important.) 
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5. Did it help your company to discuss how to mine before the first search? Explain. 

(Probably helped. Companies could plan their search strategies.) 
6 How could a company have gathered more beads in a specific time period? (Use a 

broom or vacuum cleaner — capital equipment.) 

7. As energy becomes more scarce and demand for energy increases, what should happen to 
its price? (The price should rise.) 

8. Did you change your "environment" as you searched? How? (Yes. Moved books, 
furniture. Relate to strip mining, etc.) 

9. If you moved things to uncover your beads, did you move them back? (Yes. Relate to 
costs of repairing land damaged by strip mining, energy extraction, etc.) What was the 
"opportunity cost" of doing so? (Time lost to look for more beads. In real life, it takes 
many costly productive resources to restore land that has been mined.) 

10. What would happen if the teacher paid you 25 cents for every bead found? What about 
50 cents? As the price increases what incentives do you have? (To find more beads! At 
higher prices, energy producers will expend more productive resources to find energy.) 

Bulletin Board Ideas: 

1 . "Environmental Effects of Using Energy Sources." List the different energy resources 
across the board. Divide the students into cooperative groups and assign a resource to 
each group. After discussing the effects on the environment of using this resource, have 
students, as a group, write the effects on index cards and place them below the resource 
name. Find or draw pictures which illustrate these ideas. 

Student Journal Ideas: 

1 . Write a paragraph on "What I Learned in the Energy Search Activity." 

2. Explain why you think it is important to "fix" the environment after energy exploration has 
occurred? 

3. If we did this activity again and you were in charge of mining, what would be your 
directions to your search team? 

4. Describe the different types of jobs involved in energy production. 

(This activity was adapted from Energy Tradeoffs in the Marketplace, published by the Washington State 
Superintendent of Public Instruction Office and the Washington State Council on Economic Education, [Seattle, WA; 
1980] pp. 51-55.) 
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Activity 4 




Energy Efficiency 



Teaching Objectives: After completing this activity, students will be able to: 

1 . Define and explain energy efficiency. 

2. Identify specific ways to improve energy efficiency. 

3. Explain why increasing energy efficiency sometimes conflicts with other economic goals. 

4. Explain the role of market price in energy conservation. 

Time Allowed: • Two 30-minute sessions 



Vocabulary/Concepts: 

• Economic Efficiency: getting the most benefit from all of our scarce productive resources. 

• Energy Efficiency: getting the maximum use/greatest benefit from scarce energy resources. 

• Price: the amount people pay to buy a good, service, or productive resource. Prices reflect 
relative scarcity , 

• Reduce: to lower consumption. 

• Reuse: to use a product again for the same or another purpose. 

• Recycle: putting waste through a cycle of purification and conversion to make a useful 
product. 

Increasing energy efficiency means getting more work done with the same amount of energy. 
This results in better energy conservation. Sometimes increasing energy efficiency conflicts with 
other economic goals. For example, the United States could make automobiles today that average 
100 miles per gallon. This would promote energy efficiency/conservation, but autos would have 
less power, crash protection, and payload capability. Actually, the best way to conserve energy 
would be to use no energy at all! This, of course, is not feasible, and would be very detrimental 
to overall economic efficiency. The market price guides consumers and producers in their 
energy decisions. Energy resources that have higher prices are relatively more scarce than those 
with lower prices. A high price for an energy resource encourages consumers to use less and 
energy producers to provide more. 



• 



Chart paper/Bulletin board 

Examples of items to be recycled or reused. (Paper sacks, 
aluminum cans, etc., brought by students.) 
Conservation Plan worksheet 

Decision Tree or Five-Step Model worksheets (pgs. 19-21) 
Choice Cards 
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Teaching Procedure: 



Introducing Vocabuiary/Concepts: 

1 . Write the words "Energy Conservation" on the blackboard or chart paper. Brainstorm 
ideas generated by this term, and create a concept map/word web. 

2. Introduce the term energy efficiency (Getting the best use/maximum benefit from scarce 
energy resources). Explain that increasing energy efficiency is a good way to conserve 
energy resources. Discuss ways of increasing energy efficiency around the home. (Adding 
insulation, engines with better fuel economy, appliances that use less electricity, fuel 
efficient furnaces, etc.) 

3. On the board, write the three words: reuse, reduce, recycle. Discuss their meanings, and 
list their definitions on the board. Explain that these words are often used to explain ways 
consumers and producers can conserve natural resources, including energy resources. 

4. Take three colors of chalk and color code the words reuse, reduce, and recycle. Go back 
to the original list of generated ideas on energy conservation and have students identify 
into which category (reuse, reduce, or recycle) each idea falls. (Most will probably 
concern reducing the amount of energy needed to do a certain task.) Circle with the 
appropriate color chalk. 

5. Ask students if producers and consumers should always improve their energy efficiency. 
(Most will agree, but the answer is not always clear cut!) Read and discuss the following 
scenario: 



x»-: ; , Ol^lxvivijrw ; : :- ' ; > ■: : : : x' :: : ; ' : : : :V .:. vx-xx; : x : x : : : : : : : x : x : : : :;:^x : : y'/yy-y^ :: :'- y y'- 

Mrs. Smith is a very busy person. She is a teacher, is married, and has two children. Sl»e - 
lisoleip^ 

§§|||^ 

; of the vacuum cleaner? She would save energy (be more energy efficient) if she didj|j 

xx : x : yy-'y yy'yy x : : : x-: ; x-: ; x : : ' : :-: : ' ::::: v: : : : : ; x : x ; : : : : x' : : : : ; :'- :; : : : : : : : x : : ; : : : : ; : : : 'x : : ; : ; x. : ': : : : : : : x : : : x : x : x : x : : : x : : : : ; >x : ^ 



(Point out that using a broom would be more energy efficient, but it probably would not 
be the best choice, i.e., not economically efficient. Mrs. Smith must consider how to use 
all her productive resources — including her scarce time. Using a vacuum cleaner, as 
well as other handy appliances, frees up time to do other valuable things. A vacuum 
cleaner also does a better job, especially on carpets, than a broom.) 



6. Discuss the importance of price in energy conservation. Emphasize that as the price of an 
energy resource rises (indicating that it is becoming relatively more scarce), consumers 
and producers react in predictable ways. Consumers use less and producers supply more. 
At lower prices, the reverse is true. 



Group Work 



Task 1: Divide students into groups of four or five. Give each group a Choice Card and use the 
Decision Tree or Five-Step Model to decide what to do. Make sure students list various 
good and bad points about each choice, and the energy trade-offs that are involved. Have 
each group explain its decision to the class. Discuss group choices. 

Task 2: Tell groups to create new scenarios for new Choice Cards. Exchange these new Choice 
Cards and use the Decision Tree or Five-Step Model to solve. 

Task 3: Develop an Energy Conservation Plan that identifies ways to make homes energy 
efficient. 

Teaching Tips: 

1 . Explaining the difference between energy efficiency and economic efficiency is 

challenging. Giving extreme examples — such as not taking showers to save electricity, or 
banning automobiles to save oil, etc., — helps clarify these concepts. Remember, the goal 
is to maximize the efficiency of all of our productive resources (human and capital, as well 
as natural), not just to maximize energy efficiency. 

Key Questions to Ask Students: 

1 . What is "energy efficiency? " (Getting the most benefit from energy resources.) 

2. What are ways to increase energy efficiency in your home? (Adding insulation, buying 
more energy efficient appliances, walking to work, etc.) 

3. Should people always maximize their energy efficiency? (Not necessarily. Being a good 
steward means maximizing the efficiency of all productive resources. This may mean using 
a machine, which uses energy, to save valuable time.) 

4. How does a higher price for energy help conserve energy? (At higher prices, consumers 
and producers will use less energy.) 

5. How does a higher price for energy help make energy more available? (A higher price 
encourages energy producers to search for and develop more energy resources.) 

Bulletin Board Ideas: 

1 . Make a "Ways to Save Energy" bulletin board. 

2. Display the Decision Tree solutions and Conservation Plans. 
Student Journal Ideas: 

1 . Write and illustrate a poem about saving energy in your home. 

2. Write and illustrate a paragraph titled, "How to Make a Home Energy Efficient." 

3. Create a play about Mr. Jones, a homeowner who wants to insulate his home. Include 
some of the tough decisions he must think through. 
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Choice Cards 

Scenario 1: John has a lawn mower service. He wants to make as much money as possible to 
save for college. On small lawns, he could use his old push mower, which still works, but 
takes much longer. Using his power mower would help him earn more money, but would 
use gasoline and cause more pollution. What should he do? 

Scenario 2: Miss Johnson works in an insurance office. She lives two miles away and drives a 
Ford Escort to work each day. She could ride a bicycle to work, but this would mean 
leaving earlier each day and could be a problem in very cold weather. Also, she doesn't 
feel safe walking. Walking would save energy, however. Should she walk or continue to 
use her car? 

Scenario 3: Mr. Williams drives a lot on his job as a sales person. He owns a large, comfortable 
car that gets about 25 mpg on the highway. He is considering saving energy by buying a 
much smaller car that gets 40 mpg. However, he is concerned that the smaller car is not as 
safe, and would not provide as much space for his wife and three children, especially on 
vacations. Should he buy the smaller car? 

Scenario 4: Mr. and Mrs. Crawford want to reduce their electric bills. They currently pay $50 
each month but figure that they can reduce that to $45 by insulating their house. It will 
cost $500 to insulate the house. Should they do it? (Hint: Does the price of the insulation 
influence your decision?) 

Scenario 5: The students in Centerville Elementary believe in recycling. They recycle almost all of 
the classroom paper that used to be thrown away. Some of the students now want to 
recycle the paper napkins that are thrown away in the school cafeteria. Should this be 
done? 

Scenario 6: There is a long hedge around Mr. Jones' house. To keep the hedge from getting too 
tall, he trims it every month using hand held clippers. His wife suggests that buying an 
electric hedge trimmer would save him a lot of time, even though this would mean using a 
bit more electricity each month. Should Mr. Jones buy the electric trimmer? 

Scenario 7: Mrs. Johnson is a very busy person. She works part time at a flower shop, 

volunteers at the public library, and is involved in many of her two children's activities. 
She lives on the bus line, but doesn't take the bus much any more, even though the bus 
could take her to many of the activities. She wants to have the freedom to come and go 
quickly, without waiting for the bus, especially in bad weather! Taking the bus would 
save energy. Should she quit using her car and use the bus instead? 

Scenario 8: Mr. Calloway is 78 years old and not in good health. When he was younger, he kept 
his thermostat at 68 degrees in the winter. Because of his age and health, he now keeps his 
house very warm at about 74 degrees. This takes a lot more energy. Should he lower his 
thermostat back to 68 degrees? 
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Name: 



Conservation Plan 



Below are things we can do to improve energy efficiency at home. 
1. 

2. 

3. 

4. 

5. 




Answer these questions about Your Conservation Plan: 
What trade-ofls are involved in your plan? 

What will you have to give up? (What are your opportunity costs?) 

How will your family's lifestyle change as a result of your plan? How do members of y 
feel about the changes in lifestyle? 



9 

ERIC 



172 

175 



Activity 5 

Further Explorations 



1 Survey ten people in your community to find out: 

a. Do you carpool, walk, or ride a bicycle to work or school? 

c. Do you use any kind of public transportation to get to work or school? 

d. Would you be willing to use these types of transportation? Why or why not? 

2. Research the history of solar energy. How did ancient people use this form of energy? 
What developments have taken place in the past 100 years? Why isn't it used more today? 

3. Research the term "mass transit system" Where are these systems currently being used? 
What are the advantages and disadvantages? 

4. Prepare a report on how electricity is generated on wind farms. Describe and draw the 
different types of wind generators. What are the advantages and disadvantages of these 
farms? Where are current wind farms located? 

5. Explain how a hydroelectric power plant operates. Label your diagram. Identify some of 
the environmental concerns about constructing this type of power plant. 

6. Research the location of coal deposits in the United States. What economic impact does 
coal mining have in different regions of the country, including Indiana. What are the 
different types of coal? How are they different? Where ais they located? 

7. Research the advantages and disadvantages of using wocu as a fuel. Investigate how 
wood was used in the past and how it is used today. Research some of the new trends in 
wood use, including the new "super trees." 

8. Research which countries of the world rely on nuclear energy. Why do they do so? What 
do they do with the radioactive waste. How efficient is electricity produced using nuclear 
power? Have there been any safety problems with this type of energy? 

9. Investigate the cost of electricity in your community. How does it compare with the cost 
in other communities, states, and regions of the United States? How is electricity use 
measured? 

10. Research natural gas supplies in your community. How is it transported? Where are 
natural gas resources located? How is natural gas use measured? What is the cost of 
natural gas? How does the cost compare with other energy sources? 
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Activity 6 

Let's Talk It Over 

Energy efficiency in the United States has improved greatly during the past 25 
years. For example, from 1970 to 1993: 

* Per capita energy consumption declined from 340 million Etu's to 323 Btu's, 

* Energy consumption per dollar of Gross Domestic Product (GDP) declined from 
23.12 to 16.73 thousand Btu's. 

However, because the United States is such a large country and consumes a large amount of 
energy, some individuals believe that the United States is not doing enough to increase its energy 
efficiency. Below are some controversial statements for your students to discuss/debate. Help 
students think critically by applying the concepts learned in this unit. 

To increase energy efficiency and help conserve our energy resources: 

1 . Schools should close during December and January and open in June and July, with no air 
conditioning allowed. 

2. Everyone should be required to keep their thermostats at 68 degrees. 

3 . All students must take the school bus if they don't walk or ride bicycles. 

4. Families should not be allowed to own more than two vehicles. 

5 . The tax on gasoline should be raised significantly. 

6. Large car and van owners should pay an extra "large vehicle tax" 

7. The driving age should be raised to 21 so fewer people would be driving cars. 

8. Car companies should be required to produce a solar powered car. 

9. People should be required to purchase solar powered cars, even if they cost more, have 
less power, have less passenger and storage space, and are not as safe because of their 
smaller size. 

10. Electric companies should be required to generate some of their electricity using wind or 
solar power, even if this means higher electric bills for customers. 

1 1 . We should let the market price of energy guide the energy decisions of producers and 
consumers. We should not restrict the freedom of choice in energy matters. 
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Activity 7 

£££ Actions: You Can Make a Difference! 

Below are suggestions for conserving energy and other natural resources: 

1 . Write on both sides on the paper that you use. Use scrap paper for notes and lists. 

2. If feasible, walk or ride a bicycle or bus to activities. 

3. Plant shade trees around your house. This will make your home cooler and reduce the 
need for air conditioning. 

4. Dress for the season. In the winter, wear warm clothing inside your house and turn down 
the thermostat. In the summer, wear cool, loose clothes. These steps will let you turn your 
thermostat down some and use your air conditioning less. 

5. Reuse, reduce, and recycle where feasible (especially aluminum, which requires a lot of 
energy to produce). 

6. Make sure that the family car has a regular tune-up. Keep the tires properly inflated. 

7. Conduct an energy audit for your school. Suggest ways to make your school more energy 
efficient. Discuss your audit with the principal. Present your findings to the student 
council. 

8. Create energy conservation posters and put them in the school hallways and other public 
buildings. 

9. Publish a school newsletter describing ways that everyone can conserve at home and at 
school. 

10. During cold weather, lower your thermostat at night. 

1 1 . Use light bulbs that require less electricity. 

12. Use appliances efficiently. For example, run dishwashers and washing machines with full 
loads. Wash clothes in cold water, don't overheat your hot water, use a clothes line 
instead of the dryer in warm weather, and buy energy-efficient appliances. 

13. Don't take long showers. It takes energy to heat water. 

14. Insulate your home more effectively, especially doors and windows. 
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Activity 8 

The Case of the Outdoor Lab 

Student Directions: In this case study you will help some students solve a problem. Divide into 
groups of five, read the scenario, and then use the Decision Tree or Five-Step Model worksheet 
to make a decision. Then carefully answer the questions below. 




: W:«nidcntshave developed * large outdoor laboratory on eight acres of land next 
||liilji|||ty of trees and wildlife on the propejly;:|^|lii 
" illippwid to develop water habitats for anin»ls| 

.::/.... 

Last week a geologist ftom a small oil company conducted an energy survey a^f 
IfllcoYered a large oil deposit in the middle of the eight acres. 'If five or six oil we 
:o opi§|||p|aid the geologist, "the school is guaranteed $200,000 
rs, and maybe more after that" 
dowilabj^atory. 






is divided over the issue. Those who favor the oil 

- could help binld a new gym, inctea^ 

equipment for the school Using oil produced in the United States 



slls don't want to give up tl 




11111/ 

■I 




proposal Your 




1 . What is your group's recommendation/decision2 



2. How would this decision affect the community? 
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BEST COPY AVAILABLE 



3 . What is the opportunity cost of your group' s decision! 



4. What are the trade-offs that are involved in this decision2 
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Answers to Selected Teaching Activities 



Activity 8: Decision Tree Model 

Develop Oil Wells: Good Points : Gains much income for the school for various purposes, helps 
reduce our dependence on oil imports. Bad Points: School loses adjacent outdoor lab, 
some damage to wildlife habitat and environment, unsightly. 

Develop Outdoor Lab: Goods Points : Students could learn about ecology, etc.; good habitat for 
animals; attractive setting around school Bad Points: Lose significant amount of money 
by not developing oil wells, keeps the United States more dependent on oil imports. 



Five-Step Model: 



Uccisioii-Maldng Grid Answer Key 






Criteria 


Alternatives 


Tax 

Revenues/ 
Money 


Wildlife 
Habitat 


Scenic 
Beauty 


Dependence 
on Oil 
Imports 




Develop 

Oil 
Resources 


+ 






+ 




Keep 
Outdoor 
Lab 




+ 


+ 







1 . Answers will vary. 

2. Developing the oil wells would bring much needed money to the school corporation, 
keeping down taxes; there probably would be more business activity in the community. 
Keeping the outdoor lab would not have as much direct impact. The community would 
not have increased business activity (and the associated tax revenues), but would have 
more of an environmental focus. 

3 . The decision not chosen. 

4. The main trade-offs are economic growth versus the environmental quality. Other trade- 
offs associated with these involve the beauty of the landscape, wildlife habitat concerns, 
jobs, and the amount of tax revenues gained or lost. 
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EEE Resources 

General Resources 

Environmental Education Coalition, Inc., PO Box 5753, Fort Wayne, IN 46895 

United States Environmental Protection Agency, Public Information Center, 
401 M Street, SW, Washington, DC 20460, (202) 260-2080. 

Indiana Department of Education, Center for School Improvement and Performance, Room 229, State House, 
Indianapolis, IN 46204-2798, (317) 232-9141 

Indiana Council for Economic Education, 1310 Krannert Center, Purdue University, West Lafayette, IN 47907, 
(317)494-8540 

Indiana Department of Environmental Management, 105 South Meridian Street, PO Box 6015, Indianapolis, IN 
46206, (317)232-8603 

Indiana Department of Natural Resources, 402 West Washington Street W255B, Indianapolis, IN 46204, (317) 
232-4200 

National Geographic Society, Educational Services, Washington, DC 20036, (800) 368-2728 

Water Quality Resources 

Alliance for a Clean Rural Environment, PO Box 413708, Kansas City, MO 64170, (800) 545-5410 

American Groundwater Trust, 6375 Riverside Drive, Dublin, OH 43017, (614) 761-2215 

American Water Works Association, 6666 Quincy Avenue, Denver, CO 80235, (303) 794-77 1 1 

Federal Drinking Water Hotline, Environmental Protection Agency, (800) 426-4791 

Hoosier Environmental Council, PO Box 1 145, Indianapolis, IN 46206, (317) 923-1800 

Izaak Walton League, 1401 Wilson Boulevard, Level B, Arlington, VA 22209, (703) 528-1818 

Lake Michigan Federation, 59 East Van Buren, Suite 2215, Chicago, IL 60605, (3 12) 939-0838 

The Terrene Institute, 1 700 K Street, Suite 1 0 J5, Washington, DC 20036, (202) 833-83 1 7 

U.S. Geological Survey, 423 National Center, Reston, VA 22092, (800) 426-9000 

Water Environmental Federation, 601 Wythe, Street, Alexandria, VA 22314, (703)684-2400 

Forest Resources 

American Forest Council, 1250 Connecticut Avenue, NW, Suite 320, Washington, DC 20036 
American Forestry Foundation, PO Box 2000, Washington, DC 2001 3 
American Paper Institute, 260 Madison Avenue, New York, NY 10016 
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Indiana Wildlife Federation, 30 1 East Carmcl Drive, Suite G 200, Carmel, IN 46032 

Indiana Department of Natural Resources, Division of Forestry, 402 West Washington Street, Room 296, 
Indianapolis, IN 46204, (317) 232-1405 ("Project Learning Tree" and "Project WILD") 

National Arbor Day Foundation, 100 Arbor Avenue, New York, NY 10022 

National Audubon Society, 950 3rd Avenue, New Yoric, NY 10022, (212) 832-3200 

National Forest Products Association, 1250 Connecticut, NW, Suite 200, Washington, DC 20036 

National Wildlife Federation, 1400 16th Street, NW, Washington, DC 20036 

Society of American Foresters, 5400 Grosvenor Lane, Bethesda, MD 20814 

The Wilderness Society, 1400 1 Street, NW, Washington, DC 20005 

United States Department of Agriculture-Forest Service, PO Box 2417, Washington, DC 20013 

United States Fish and Wildlife Service, Department of the Interior, Publications Unit, 1 8th and C Street, NW, 
Washington, DC 20240 

Energy Resources 

The Alliance to Save Energy, 1725 K Street, Suite 509, Washington, DC 20006, (202) 857-0666 

American Council for an Energy Efficient Economy, 1001 Connecticut Avenue, Suite 535, Washington, DC, 
20036, (202) 429-8873 

American Solar Energy Society, 2400 Central Avenue, Suite G- 1 , Boulder, CO 8030 1 , (303) 443-3 1 30 

American Wind Energy Association, 777 North Capitol Street, NE, Suite 805, Washington, DC 20002 
(202)408-8988 

Conservation and Renewable Energy Inquiry and Referral Service (CAREIRS), PO Box 8900, Silver 
Springs, MD 20907,(800)523-2929 

Citizens Gas and Coke Utility, 2020 North Merdian Street, Indianapolis, IN 46202 

Geothennal Education Office, 664 Hilary Drive, Tiburon, CA 94920, (800) 866-4436 

Indiana Energy Information Center, Indiana Department of Commerce, Energy Policy Division, One North Capitol 
Avenue, Suite 700, Indianapolis, IN 46202, (800) 382-4631 

Indiana Gas Company, PO Box 5389, Lafayette, IN 47903, (800) 666-3090 
Indiana Michigan Power, One Summit Square, PO Box 60, Fort Wayne, IN 46801, (219) 425-2137 
Indiana Petroleum Council, 143 West Market Street, Indianapolis, IN 46204, (317) 639-2588 
Indianapolis Power and light Company, PO Box 1595-B, Indianapolis, IN 46206, (317) 261-8974 
National Energy Foundation, 5160 Wiley Post Way, Suite 200, Salt Lake City, UT 841 16, (801) 539-1406 
National Hydropower Association, 555 13th Street NW, Suite 900 East, Washington, DC 20001, (202)383-2530 
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Northern Indiana Public Service Company, 5265 Hohman Avenue, Hammond, IN 46320, (219) 647-6216 
NEED (National Energy Education Development Project), PO Box 25180, Reston, VA 22090 ? (703) 860-5029 
PSI Energy, 1000 East Main Street, Plainfield, IN 46 168, (317) 838-1625 

Renewable Fuels Association, 201 Massachusetts Avenue NE, #C-4, Washington, DC 20002, (202) 543-3802 

Solar Energy Industries Association, 777 North Capitol Street NE, Suite 805, Washington, DC 20002, 
(202) 408-0660 

Southern Indiana Gas and Electric Company, 20 North West Fourth Street, Evansville, IN 4774 1 , (8 1 2) 464-4526 

U.S. Department of Energy, National Appropriate Technology Assistance Service, PO Box 2525, Butte, MT 59702, 
(800) 428-2525 

U.S. Department of Energy, National Energy Information Center, Room 1F-048, Forrestal Building, 1000 
Independence Avenue, SW, Washington, DC 20585, (202) 586-8800 

Air Quality Resources 

Acid Rain Foundation, 1410 Varsity Drive, Raleigh, NC 27606, (91 9) 828-9443 

Air Waste Management Association, PO Box 2862, Pittsburgh, PA 15230, (412) 232-3444 

Center for Environmental Information, 46 Prince Street, Rochester, NY 14607, (7 16) 27 1 -3550 

Competitive Enterprise Institute, National Center for Policy Analysis, 1 2655 North Central Expressway, Suite 720, 
Dallas, TX 75243,(214)386-6272 

Indiana Department of Environmental Management, Office of Air Management, Government Center South, 1 3th 
Floor, Indianapolis, IN 46204, (317) 232-5586 

Project 88 and Project 88 - Round II, Senator Timothy Wirth, Senate Offices, First Street and Constitution Avenue 
NE, Washington, DC 20510 

Union of Concerned Scientists, 26 Church Street, Cambridge, MA 02238, (617) 547-5552 

U.N. Environmental Programme, 2 U.N. Plaza, Room DC2-803, New York, NY 10017, (212) 963-81 38 

U.S. Department of Energy, Carbon Dioxide Information Analysis Center, MS-6335, Building 1000, Oak Ridge 
National Laboratory, PO Box 2008, Oak Ridge, TN 3783 1 , (61 5) 574-0390 

Washington International Energy Group, Three Lafayette Center, Suite 202, 1 1 55 2 1 st Street NW, Washington, DC 
20036, (202) 331-9864 
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